
AD-A243 847
______ IHUUElEIIN-1 837

NE October 1991

By Bingham Y.K. Pan and Brian Swaidan

Sponsored By Naval Facilities

Technical Note Engineering Command

DTIC
DEC 2 6 1991

RECYCLING OF C 1

HYDROBLASTING WASTEWATER -

FINAL FEASIBILITY REPORT

ABSTRACT The objective of this project undertaken by the Naval Civil

Engineering Laboratory (NCEL) is to develop a recycling technology for reducing the
volume of boiler hydroblasting wastewater at Naval Shipyards by up to 90 percent.
Steam boiler tubes of a Navy ship undergoing regular overhaul are cleaned twice by
hydroblasting. The first washing is performed before ship overhaul and the second
washing after ship overhaul. The initial feasibility study, completed in FY88, involved
bench scale work at NCEL and pilot scale tests at Long Beach (LBNSY) and Norfolk

___ Naval Shipyards (NNSY). Full scale field tests were conducted at NNSY in FY89. The
1 wastewater recycling process consisted of five steps: collecting, settling, filtering,

___w reconditioning, and reusing. All five steps were successfully demonstrated in the three
00 series of field tests. These tests were assisted by and coordinated with NNSY and

-(. Naval Ship Systems Engineering Station (NAVSSES). The results show that the hy-
Sr droblasting wastewater could be recycled nine times to achieve 90 percent reduction

without any adverse effect. The recycling unit- is to be put alongside an existing
hydroblast (watcrjet) unit. The same safety precautions for hydroblasting operations are
applicable to and should be observed for recycling operations. A 90 percent reduction
represents approximately $8 million/year savings on wastewater disposal costs. More
significant economic benefit can be realized if the recycling technology is adopted for
boiler tube cleaning done at Navy activities outside Naval Shipyards.
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INTRODUCTION

The Naval Civil Engineering Laboratory (NCEL) has been tasked by
the Naval Facilities Engineering Command (NAVFAC) to investigate
technology to reduce the volume of hydroblasting wastewater at Naval
Shipyards. Hydroblasting is a high pressure water jetting method to
remove the soft deposits on boiler tubes and other parts on the water
side of the boiler. Sodium nitrite, a corrosion inhibitor, is added to
potable water to make the feed solution.

The past operating procedure for hydroblasting was to use the feed
solution for one cleaning pass and then mix this wastewater with other
bilge wastes in the ship. Latest survey for 1987-1988 shows that Naval
Shipyards generate about three million gallons of hydroblasting waste-
water per year. Before NCEL started research and development work this
wastewater was combined with other bilge wastes; these combined wastes
resist available treatment. The contractor's charge for hauling and
treatment is about to $3.25 per gallon.

The current project is a second year effort and is a final feasibil-
ity study to determine the recycling of wastewater. Reference 1 details
the previous FY88 effort on the initial feasibility. The objectives of
this fiscal year's effort are: (1) To conduct field tests of the complete
recycling process; (2) To achieve 90 percent reduction of wastewater
without any damage to the existing hydroblast unit; and (3) To clean the
boiler tubes using the recycling process and pass standard inspection
for the cleaned boiler.

TECHNICAL APPROACH

Field Test Layout

The recycling process consisted of wastewater collecting, settling,
filtering, reconditioning, and reusing. Figure 1 shows the field tests
layout. The bilge pump collected the hydroblasting wastewater separately
and sent it to the settling tank. After settling and filtering, the
wastewater was checked with chemical analysis and/or Hach instrumentation
to determine the nitrite concentration. If necessary, the wastewater
was reconditioned by the addition of sodium nitrite to bring up the
nitrite to the required level. Then the treated wastewater was pumped
back to the tyiroblast unit for reuse.

The major problem with use of recycled wAsetwntor i! it- snspenden
soilid content, whiuh can cause damage to the high pressure feed pump,
lance orifices, and the boiler tubes. The first year's tests showed
clearly the inadequacy of relying solely on small capacity filters
without first using settling tanks for separation of the solids from the
wastewater stream. Those results showed that for a first washing
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wastewater and a 5-inch diameter by 7-inch long cloth filter, only 300
gallons can be filtered before a filter change was necessary. Therefore,
a separation method was required to remove a substantial amount of
suspended solids from the wastewater before filtration becomes a viable
option. A settling tank of 2500-gallon capacity was added for the field
tests. Also, the filter unit and filter arrangement were upgraded.
Du,1 filter trains were set up with an easy valving arrangement that
allowed the switch from one train to another. Each filter train consisted
of a minimum of two filters in series and each filter has six times the
surface area used in the pilot scale tests in FY88.

Two flow totalizers, TI and T2, were used to measure the total
amount of water necessary to clean a boiler. One totalizer measured the
amount of freshwater feed and the other measured the recycled
wastewater. At the conclusion of the first series of tests, only 7,950
gallons were required for that particular boiler cleaning. Therefore,
in the second and third series of tests, a smaller settling tank of
600-gallon capacity was fabricated and used.

Selection of Test Site

Norfolk Naval Shipyard (NNSY) was selected for all three series of
field tests. NNSY was highly cooperative in the recycling effort.
Also, NNSY implemented a procedure by which the hydroblasting wastewater
was collected separately from other bilge waste streams and pumped out
to a tank car for disposal. This procedure made it very simple to
divert the wastewater to our settling tank for testing.

Selection of Boiler

The boiler selection for our test was dictated by the availability
and scheduling of the ship for the hydroblasting operations. The USS
Dahigren was the ship available, and its hydroblasting time was in
accordance with NCEL's schedule. This ship has four boilers. Our field
tests were done with two of the four boilers. The first and second
series using Boiler 1A were conducted in April and June 1989. The third
series using Boiler 2B was conducted in June 1989. The time between
April and June allowed us to implement improvements based on the results
of the first series of experiments.

TSTS AND DISCUSSIONS

The three tests conducted were first and second washings of boiler
1A and first washing of boiler 2B for the USS DAHLGREN - DDG 43. Table
1 is a summary of the field test conditions and results for each of the
three tests. The field tests were executed by the NCEL team consisting
of two engineers and two technicians. NNSY shop 41 hydroblast crew
provided outstanding on-site assistance. NNSY chemical laboratory made
many quick analyses. Naval Ship Systems Engineering Station (NAVSSES)
sent a boiler inspector to examine the tube cleaning results and an
engineer to assist and witness the test procedures. In addition, a

3



Table I

FIELD TESTS CONDTTIONS SUMMARY

Recycles % WW
WW Collected To Finish Reduction

Test Type For Recycling Boiler Based on

Series Date Washing (gal) Cleaning of Recycles

First 25-27 1st to 1,500 3 75
April Boiler

1989 .A

Second 21-23 2nd to 500 9 90
June Boiler

1989 IA

Third 24-27 Ist to 500 12 92
June Boiler

1989 2B

Fresh Feed Total Water Settling

Test Start Used Tank Size Use of Heat

Series (gal) (gal) (gal) Exchanger

First 2,600 7,950 2,500 No

Second 2,100 8,650 600 Yes

Third 800 10,000 600 Yes

Remarks

1. The Uss Dahigren has four boilors, I & 2 A., I & 2 B

2. Total Water Used, gallons

First series : 4,950 recycled. 2,600 start feed, & 400 make-up

Second series: 5,850 recycled, 2,100 start feed, & 700 make-up

Third series : 7,800 rpcycled, 800 start feed, & 1,400 make-up

4



representative from the Weatherford Company, which manufactured the
hydroblast unit, watched for any potentially adverse effccts during the
first 10 hours test.

FIELD TEST PROCEDURES

1. Instruct hydroblast crew and on-site personnel of the valve
arrangement for the recycling and normal modes of operation.

2. Ensure that the settling tank is clean and obtain sample of any
residue.

3. Allow the hydroblast operations, using fresh feed solution, to
proceed for the first half hour. Divert the first 100 gallons of
wastewater to the normal mode of disposal and the rest to our settling
tank. This half hour operation was intended to flush any residue in the
water lines and to attain steady state condition.

4. Commence the charge-up of the settling tank.

5. Obtain a set of samples from sample ports S1, S2, and S3 and
promptly deliver to the NNSY chemical laboratory or keep in an icebox
until ready for pick-up. Samples from each port consist of three
bottles. Two bottles containing a few drops of either sulfuric or
nitric acid are for the preservation of oil and grease or metals
respectively. The third bottle containing no acid is for the analysis of
pH, total suspended solids (TSS), total dissolved solids (TDS), nitrite,
and nitrate. Also, obtain another set of samples from sample ports Sl,
S2, and S3 and set aside for later delivery to NCEL. These samples do
not have to be kept on ice. All sample bottles shall be labeled with
sample port number, time, and date.

6. Obtain additional samples for NNSY and NCEL from sample ports
S3, S4, S5, and S6 at about the following intervals of the recycling
test period: 25, 50, 75, and 100 percent. The shop 41 hydroblast crew
can give an accurate status on percentage of boiler tubes cleaned and to
be cleaned.

7. Record the flow totalizers readings during the whole hydroblast

process and the sampling time. Also note any pressure drop across

filters and any other pertinent information; such as any water leaks,
filter changes, or operating condition changes.

8. Switch filter trains in the event of any filter plug-up. Note
the pressure drop, totalizer reading, and the micron size of the
plugged-up filter. Place used filters in a ziploc bag for possible
chemical analysis.

One important consideration was not to allow any disruptions of the
boiler cleaning operations by failure of our recycling system. Therefore,
the valve arrangement of our setup, shown in Figure 1, was designed to
switch from a recycling mode to a normal disposal mode in less than 1
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minute. This valve arrangement and the five-minute capacity of the feed
solution tank in the hydroblast unit ensured no disruptions. The
detailed test conditions of all three series are given in Table 1.

First Series of Field Tests

Test Setup. The first series of recycling tests conducted were for
wastewater from the first washing of boiler 1A - USS Dahlgren. Figure 1
is a schematic of the test setup used. Figures 2 thru 5 show the major
hardware setup. Figure 2 shows the bilge pump connections to collect
hydroblasting wastewater and deliver it to our settling tank. It is
important to collect the hydroblasting wastewater separately; otherwise
it will mix with other bilge wastes. The mixed or combined waste streams
are too complicated to be treated. Figure 3 shows the 2,500-gallon capa-
city settling tank borrowed from NNSY for these tests. The only modifi-
cation was to weld an 8-inch vertical nipple at the bottom inside the
tank for discharge. This provided an intake to our recycling pump above
the tank bottom and thus prevented any of the settled particulates from
being reintroduced in the recycled wastewater. Also, the incoming boiler
wastewater was introduced at the top of the settling tank to prevent any
disturbance of the settled particulates.

The settling tank was charged with 1500 gallons of boiler
wastewater. The rationale for using 1.500 gallons for recycling was that
this is one-tenth of the estimated 15,000 gallons required for total
boiler cleaning. This ratio of 10 to 1 would meet the goal for 90
percent in wastewater reduction. Figure 4 shows the two parallel filter
trains used in the test. Figure 5 shows the hydroblast unit on pier
side with the USS l)ahlgren in the background. Our recycling unit was
operated simultaneously with the hydroblast unit.

Two flow totalizers were used to measure accurately the total
gallons required for boiler tube cleaning. One totalizer was placed at
the clean feedwater inlet to the hydroblast unit. This measured the
initial freshwater feed through the boiler to the settling tank and any
make-up freshwater feed required during the cleaning operation. The
second flow totalizer was positioned at the recycling pump and measured
the total gallons recycled. The sum of the two net readings was the
total gallons used for boiler tube cleaning.

Pressure gauges were placed before and after every filter to mea-
sure any pressure drop during the entire cleaning process. The filters
used for these tests were about 7 inches in diameter by 30 inches long
with a filter surface area of about 633 square inches. This compares
with the 5-inch diameter and 7-inch long filters with about 90 square
inches of surface area used in the pilot scale tests (Ref 1). Two
parallel filter trains, each with a 50 micron filter followed by a
10-micron or a 25-micron filter, were used to ensure continuous recy-
cling by simply switching from one to another in the event of filter
plug-up. The larger filter area was to minimize or perhaps eliminate
filter changes for one complete boiler cleanup.

Test Operations. The hydroblast operation was initiated at 1700,
25 April 1.989 and was completed by 0245, 27 April 1989 for a total dura-
tion of about 36 hours. Three shifts were in effect. The hydroblast
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Figure 2. Bilge pump to collezt hydroblasting wastewater separately.

Figure 3. The 2500-gal wastewater settling tank.
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Figure 4. Two parellel filter trains.

Figure 5. Treated wastewater recycled to hydroblast unit
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unit had several minor problems that were fixed within 1 or 2 hours,
such as: (1) failure of the diesel engine to drive the fivestage pump
to the required 10,000-psig water jet pressure, (2) sudden failure of
the pressure relief valve, and (3) breakdown of a piston phenolic seal
on the high pressure side.

Subsequently, the hydroblast operation as well as the recycling
system proceeded smoothly. At the end, only 7,950 gallons, not 15,000,
were required to clean this size boiler. As a result, the wastewater
collected was recycled only three times, which presenteu a volume
reduction of 75 percent. There were two problems observed during the
recycling test. First, poor connections between water drum, tube walls,
and the bilge pump causing wastewater to leak into the water drum and
bilge. The second problem was a 5 OF rise in the recycled wastewater.
A certain temperature rise is expected due to the pressurization of
water to 10,000 psig. Even this small temperature rise caused undue
hardship for the gun operator inside the boiler drum. This problem was
later solved by adding a heat exchanger with seawater as the cooling
medium.

Filter performance during the entire recycling process was
flawless. No pressure drop across any of the filters was indicated by
the pressure gauges. After recycling 2600 gallons, a deci-sion was made
to replace the 50 micron/lO micron filter combination with a new 50
micron/25 micron filter combination. The used 50 and 10 micron filters
looked to be in very good condition but discolored due to the turbidity
of the wastewater. A sample set was taken just before the filter switch
and another set after about 800 gallons of wastewater was recycled with
the 50/25 micron filters. At this point, a 10 micron filterwas added
in series after the 25 and 50 micron filters. An additional 1,000
gallons of wastewater was recycled and samples obtained at the end of
the hydroblast process. Again, the filters were removed and looked to
be in remarkably good shape.

The boiler tube surface conditions were examined by a boiler
inspector from the Naval Ship Systems Engineering Station (NAVSSES),
Philadelphia, after the recycling and hydroblasting operations. Boiler
tube cleaning personnel marked the sets of tubes in the order cleaned.
The first set of tubes was cleaned with normal fresh feed solution until
the settling tank was charged-up. The boiler tubes cleaned thereafter
were with an increasing degree of recycled wastewater. At the conclu-
sion of the hydroblast cleaning, the boiler tubes were inspected by a
boiler inspector from NAVSSES, visually and with the standard borescope
method. The inspector declared that there was no difference found in
the boiler tubes cleaned with the fresh feed solution and those cleaned
with the recycled wastewater. Thus the boiler cleaning passed inspec-
tion. Furthermore, the high pressure pump as well as the lance orifices
operated normally during the whole process.

Characteristics of Wastewater. As mentioned above, the first series
of field tests were done for the first washing wastewater of Boiler 1A.
The characteristics of the wastewater before and after settling and fil-
tration were analyzed by the NNSY chemical laboratory. The results are
given in Tables 2 through 7 for the various sample ports aad times. The
turbidity and suspended solids were analyzed by the BTC Environmental
Laboratory, 'ventura, CA. The results are given in Table 8, which also

9



Table 2

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 1A, USS DAHLGREN AT 2210-4/25

Sample Results

STK-1300 Sl-2210 S2-2210 S3-2210
Analysis for Units 4/25 4/25 4/25 4/25

pH 6.97 7.51 7.40 7.93
Oil and Grease mg/1 <5.0 <5.0 <5.0 <5.0
Total Suspended Solids mg/i < 4.0 < 4.0 < 4.0 160
Total Dissolved Solids mg/i 1200 120 960 1100
Nitrite mg/i 880 27 610 860
Nitrate mg/i 5 1 230 10

METALS

Cadmium mg/1 0.001 0.002 0.003 0.005
Chromium mg/i 0.011 0.010 0.010 0.025
Copper mg/i 0.080 0.028 0.011 30
Lead mg/i 0.027 0.032 < 0.01 0.92
Mercury mg/i <0.0002 <0.0002 <0.0002 <0.0002
Iron mg/i 0.074 0.60 0.10 4.80
Nickel mg/1 0.007 0.022 < 0.003 0.082
Sodium mg/i 500 30 350 420
Zinc mg/1 0.047 0.37 0.032 0.35

Remarks:

STK - Settling tank residue contents before experiment.

S - Clean feedwater.

S2 - Clean feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler before settling tank.

2210, 4/25 - Sampling time at 2210, April 25.

10



Table 3

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 1A, USS DAHLGREN AT 0900-4/26

Sample Results

S3-0900 $4A-0900 S5A-0900 $6A-0900
Analysis for Units 4/26 4/26 4/26 4/26

pH 7.68 7.63 7.67 7.67
Oil and Grease mg/l <5.0 <5.0 <5.0 <5.0
Total Suspended Solids mg/l 63 16 21 20
Total Dissolved Solids mg/l 800 840 840 830
Nitrite mg/l 590 560 530 500
Nitrate mg/l 6 60 140 180

METALS

Cadmium mg/i 0.006 0.003 0.004 0.003
Chromium mg/l 0.043 0.011 0.38 0.015
Copper mg/i 54 1.46 5.48 5.15
Lead mg/i 1.06 0.14 0.26 0.50
Mercury mg/l <0.0002 <0.0002 <0.0002 <0.0002
Iron mg/l 10.1 0.37 5.94 0.83
Nickel mg/l 0.19 0.011 0.16 0.024
Sodium mg/l 310 340 350 330
Zinc mg/l 0.46 0.11 0.18 0.13

Remarks:

S3 - Wastewater from boiler before settling tank.

S4A - Wastewater from boiler after settling tank.

S5A - Wastewater from boiler after 50 micron filter.

S6A - Wastewater from boiler after 10 micron filter.

0900, 4/26 - Sampling time at 0900, April 26.

11



Table 4

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 1A, USS DAHLGREN AT 1045-4/26

Sample Results

S3-1045 S4A-1045 S5A-1045 S6A-1045
Analysis for Units 4/26 4/26 4/26 4/26

pH 8.00 7.77 7.75 7.77
Oil and Grease mg/i <5.0 <5.0 <5.0 <5.0
Total Suspended Solids mg/l 85 6 < 4.0 < 4.0
Total Dissolved Solids mg/i 800 920 860 800
Nitrite mg/i 590 420 500 490
Nitrate mg/i 6 180 190 190

METALS

Cadmium mg/l <0.001 0.003 0.002 0.002
Chromium mg/1 < 0.002 0.013 0.012 0.012
Copper mg/i 1.59 1.32 1.18 2.10
Lead mg/i 0.036 0.17 0.15 0.21
Mercury mg/i <0.0002 <0.0002 <0.0002 <0.0002
Iron mg/i 0.028 0.45 0.33 0.45
Nickel mg/i 0.022 0.011 0.006 0.052
Sodium mg/i 320 330 360 330
Zinc mg/i 0.090 0.14 0.12 0.11

Remarks:

S3 - Wastewater from boiler before settling tank.

S4A - Wastewater from boiler after settling tank.

S5A - Wastewater from boiler after 50 micron filter.

S6A - Wastewater from boiler after 10 micron filter.

1045, 4/26 - Sampling time at 1045, April 26.
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Table 5

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 1A, USS DAHLGREN AT 1510-4/26

Sample Results

S3-1510 S4A-1510 SSA-1510 S6A-1510
Analysis for Units 4/26 4/26 4/26 4/26

pH 8.01 7.84 8.01 8.00
Oil and Grease mg/i <5.0 <5.0 <5.0 <5.0
Total Suspended Solids mg/1 140 53 49 38
Total Dissolved Solids mg/i 920 820 930 890
Nitrite mg/1 410 630 590 580
Nitrate mg/i 6 6 6 70

METALS

Cadmium mg/i 0.004 0.003 0.003 0.007
Chromium mg/i 0.021 0.015 0.013 0.035
Copper mg/1 8.10 8.00 6.29 5.97
Lead mg/l 0.58 0.41 0.31 0.86
Mercury mg/l <0.0002 <0.0002 <0.0002 <0.0002
Iron mg/i 2.12 1.23 0.82 2.03
Nickel mg/l 0.034 0.025 0.020 0.043
Sodium mg/l 300 340 300 360
Zinc mg/l 0.38 0.16 0.14 0.37

Remarks:

S3 - Wastewater from boiler settling tank.

S4A - Wastewater from boiler after settling tank.

SSA - Wastewater from boiler after 50 micron filter.

S6A - Wastewater from boiler after 10 micron filter.

1510, 4/26 - Sampling time at 1510, April 26.
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Table 6

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 1A, USS DAHLGREN AT 1830-4/26

Sample Results

S3-1830 S4A-1830 S5A-1830 S6A-1830
Analysis for Units 4/26 4/26 4/26 4/26

pH 7.68 7.75 7.66 7.74
Oil and Grease mg/i 12 <5.0 <5.0 <5.0
Total Suspended Solids mg/i 33 52 46 35
Total Dissolved Solids mg/i 940 950 960 940
Nitrite mg/1 650 690 650 530
Nitrate mg/i 6 7 6 8

METALS

Cadmium mg/i 0.003 0.004 0.003 0.001
Chromium mg/i 0.087 0.009 0.017 0.015
Copper mg/i 5.03 14.8 9.72 6.98
Lead mg/i 0.42 0.57 0.49 0.42
Mercury mg/i <0.0002 <0.0002 <0.0002 <0.0002
Iron mg/i 3.30 1.98 1.26 0.88
Nickel mg/l 0.006 0.054 0.035 0.029
Sodium mg/i 340 370 310 350
Zinc mg/i 0.31 0.29 0.20 0.17

Remarks:

$3 - Wastewater from boiler before settling tank.

S4A - Wastewater from boiler after settling tank.

S5A - Wastewater from boiler after 50 micron filter.

S6A - Wastewater from boiler after 10 micron filter.

1830, 4/26 - Sampling time at 1830, April 26.
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Table 7

SAMPLE ANALYSIS FOR FIRST WASH
BOILER IA, USS DAHLGREN AT 0245-4/27

Sample Results

S3-0245 S4A-0245 S5A-0245 S6A-2450 S7A-0245

Analysis for Units 4/27 4/27 4/27 4/27 4/27

pH 7.72 7.88 7.92 7.93 7.96
Oil and Grease mg/i <5.0 <5.0 <5.0 <5.0 <5.0
Total Suspended Solids mg/i 200 12 4 < 4.0 7
Total Dissolved Solids mg/i 930 970 950 960 970
Nitrite mg/l 570 650 610 560 530
Nitrate mg/l 6 30 130 140 80

METALS

Cadmium mg/i 0.022 0.003 0.002 0.003 0.001
Chromium mg/i 0.053 0.012 0.009 0.011 0.013
Copper mg/i 9.15 2.21 1.37 1.10 1.96
Lead mg/i 0.94 0.20 0.15 0.13 0.18
Mercury mg/i <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Iron mg/i 4.54 0.44 0.47 0.28 0.41
Nickel mg/i 0.12 < 0.003 0.013 0.009 0.010
Sodium mg/1 320 360 330 360 320
Zinc mg/i 0.35 0.11 0.10 0.11 0.13

Remarks:

S3 - Wastewater from boiler before settling tank.

S4A - Wastewater from boiler after settling tank.

S5A - Wastewater from boiler after 50 micron filter.

S6A - Wastewater from boiler after 25 micron filter.

S7A - Wastewater from boiler after 10 micron filter.

0245, 4/27 - Sampling time at 0245, April 27.
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TABLE 8

TURBIDITY AND SUSPENDED SOLIDS FOR FIRST WASH

BOILER 1A, USS DAHLGREN, AT NNSY

Sample Turbidity Suspended Solids mg/l
BTC
NTU BTC1  NNSY 2

STK-1300 4/25 0.13 3.0 < 4.0
S1-2210 4/25 0.14 <0.01 < 4.0
S2-2210 4/25 0.15 5.0 < 4.0
S3-2210 4/25 0.60 204 160

S3-0900 4/26 0.58 41 63
S4A-0900 4/26 0.315 21 16
SSA-0900 4/26 0.30 22 21
S6A-0900 4/26 0.36 22 20

S3-1045 4/26 0.45 64 85

$4A-1045 4/26 0.25 7.0 6
S5A-1045 4/26 0.26 10 < 4.0
$6A-1045 4/26 0.24 5.0 < 4.0

S3-1510 4/26 0.51 9.0 140
S4A-1510 4/26 0.38 58 53
SSA-1510 4/26 0.425 51 49
$6A-1510 4/26 0.34 38 38

S3-1830 4/26 0.45 31 33

S4A-1830 4/26 0.51 55 52

SSA-1830 4/26 0.44 45 46
$6A-1830 4/26 0.43 33 35

S3-0245 4/27 0.68 165 200
S4A-0245 4/27 0.26 14 12
S5A-0245 4/27 0.23 7.0 4
S6A*-0245 4/27 0.35 27 < 4.0
S7A-0245 4/27 0.29 15 7

Remarks
1. Analysis Performed by BTC Environmental, Ventura, CA.

2. Analysis performed by Environmental Chemistry Laboratory, NNSY.

STK - Settling tank residue contents before experiment.
$1 - Clean Feedwater.

S2 - Clean Feedwater and sodium nitrite mixture.
S3 - Wastewater from boiler before settling tank.
S4A - Wastewater from boiler after settling tank.
SSA - Wastewater from boiler after 50 micron filter.

S6A - Wastewater from boiler after 10 micron filter.
S6A - Wastewater from boiler after 25 micron filter.
S7A - Wastewater from boiler after 10 micron filter.
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includes the suspended solids analysis performed by NNSY chemical
laboratory. The particle size measurements were done by the Particle
Measurement Technology Co., Ventura, CA. The results are shown in
Tables 9, 10, 11 and 12. The following are the summarized results of
this first series of tests. Discussion of the overall results of all
three series of tests will be given later.

pH. Tables 2 through 7 show that the pH remained in a narrow
range of 7.4 to 8.01 throughout the whole cleaning process. Settling
and filtration had no effect on the pH value.

Oil and Grease. Tables 2 through 7 show that oil and grease
remained below 5.0 mg/L throughout the test except for one reading of 12
mg/L measured at sample port S3 at 1830 of April 26. One explanation
given by NNSY chemical laboratory is the possibility that during the
particular sample taking, some oil and grease got into the sample from
the gloves worn by the sample taker.

Total Suspended Solids (TSS). Tables 2 through 7 show the
total suspended solids analyzed by the NNSY chemical laboratory. Table
8 shows the total suspended solids performed by NNSY to be generally in
good agreement with those by the BTC Laboratory. The settling tank had
a marked effect on allowing particulates to settle (S4 versus S3) except
for the samples taken at 1830 hours of April 26. The only explanation
would be a disturbance that allowed settled particulates to get back
into suspension. Table 11 also shows an increase in the number of
particles, especially in the 10 to 25 micron range after settling (S4
versus S3). It should be noted that any disturbance of the settled
particulates will increase the downstream suspended solids
concentration. That is why sometimes the total suspended solids were
more at sample port S4 than sample port S3.

Total Dissolved Solids (TDS). Tables 2 through 7 show that
the clean feed water (Si) had the lowest content of TDS, while the feed
solution (S2) had a significant increase in TDS due to addition of
sodium nitrite. The TDS of S3 to S7A remained in a range of 800 to 1100
ppm which indicates that settling and filtration had no effect on TDS.

Nitrite. According to NAVSEA Instructions (Ref 2), one pound
of sodium nitrite should be added to 100 gallons of potable water for
the preparation of the hydroblast feed solution. This is equivalent to
1,200 ppm of sodium nitrite or 800 ppm of nitrite concentration. Tables
2 through 7 show the nitrite concentration ranged from a low of 400 to a
high of 860 mg/L. However, in each particular sampling time, the
nitrite concentration did not decrease during settling and filtering
(see nitrites at S3, S4, S5, S6, and S7). In other words, no loss of
nitrite was experienced throughout the test.

Nitrate. The majority of data indicate that nitrate was less
than 10 ppm. If nitrite (NO2 ) was not oxidated to nitrate (NO3), it is
expected that the nitrate concentration should be very low. We know
that nitrite may interfere with the analysis of nitrate. This may explain
why a number of samples show higher nitrate concentrations than expected.
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TABLE 9

PARTICLE SIZE MEASUREMENT FOR FIRST WASH

BOILER 1A, USS DAHLGREN, AT 2210-4/25

SAMPLE SAMPLE SAMPLE
SIZE RANGE S1-2210 4/25 CPPM S2-2210 4/25 CPPM S3-2210 4/25 CPPM

10 - 25pm 12,503 0.35 45,608 1.27 10,453,560 292.49
25 - 50pm 2,147 0.59 2,812 0.77 167,520 46.11
50 - 75pm 21 0.07 88 0.11 2,600 3.31
75 - 100pm 63 0.46 340 1.18 8,000 27.97

100 - 125pm 2 0.01 68 0.50 240 1.78
> 125pm 0 0.00 20 0.28 0 0.00

TOTAL 14,736 1.48 48,936 4.11 10,631,920 371.66

Remarks:

$1 - Clean Feedwater.

S2 - Clean Feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler before settling tank.
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TABLE 10

PARTICLE SIZE MEASUREMENT FOR FIRST WASH
BOILER 1A, USS DAHLGREN, AT 1045-4/26

SAMPLE SAMPLE
SIZE RANGE S3-1045 4/26 CPPM $4A-1045 4/26 CPPM

10 - 25pm 5,687,930 159.14 796,960 22.29
25 - 50pm 276,180 76.03 49,144 13.53
50 - 75pm 1,090 1.38 176 0.22
75 - 100pm 3,020 22.44 388 1.35

100 - 125pm 270 2.00 0 0.00
> 125pm 490 7.01 0 0.00

TOTAL 5,968,980 268.00 846,668 37.39

SAMPLE SAMPLE
SIZE RANGE S5A-1045 4/26 CPPM $6A-1045 4/26 CPPM

10 - 25Mm 579,626 16.24 191,636 5.36
25 - 50pm 12,396 3.41 57,932 15.94
50 - 75pm 38 0.04 1,528 1.94

75 - 100pm 140 0.48 4,172 14.59
100 - 125pm 18 0.13 52 0.38

> 125pm 0 0.00 0 0.00

TOTAL 592,218 20.27 255,320 38.21

Reamarks:

S3 - Wastewater from boiler before settling tank.

S4A - Wastewater from boiler after settling tank.

S5A - Wastewater from boiler after 50 micron filter.

S6A - Wastewater from boiler after 10 micron filter.
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TABLE 11

PARTICLE SIZE MEASUREMENT FOR FIRST WASH
BOILER 1A, USS DAHLGREN, AT 1830-4/26

SAMPLE SAMPLE

SIZE RANGE S3-1830 4/26 CPPM S4A-1830 4/26 CPPM

10 - 25pm 4,198,128 117.46 6,976,224 195.19

25 - 50pm 101,016 27.80 28,096 7.73

50 - 75pm 24 0.03 32 0.04

75 - 100am 256 0.89 400 1.39

100 - 125pm 16 0.11 64 0.47

> 125am 0 0.00 0 0.00

TOTAL 4,299,440 146.29 7,004,816 204.82

SAMPLE SAMPLE

S E RANGE S5A-1830 4/26 CPPM S6A-1830 4/26 CPPM

10 - 25pm 4,873,680 136.37 3,726,600 104.27
25 - 50am 61,040 16.81 83,369 22.95
50 - 75pm 96 0.13 112 0.14

75 - 100pm 240 0.84 248 0.86

100 - 125pm 40 0.30 8 0.11

> 125pm 0 0 0 0.00

TOTAL 4,935,096 154.45 3,810,336 128.33

Reamarks:

S3 - Wastewater from boiler before settling tank.

S4A - Wastewater from boiler after settling tank.

SSA - Wastewater from boiler after the second new 50 micron filter.

S6A - Wastewater from boiler after 25 micron filter.
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TABLE 12

PARTICLE SIZE MEASUREMENT FOR FIRST WASH

BOILER 1A, USS DAHLGREN, AT 0245-4/27

SAMPLE SAMPLE SAMPLE
SIZE RANGE S3-0245 4/27 CPPM $4A-0245 4/27 CPPM S5A-0245 4/27 CPPM

10 - 25pm 9,789,640 273.91 1,347,192 37.69 365,220 10.22
25 - 50pm 206,120 56.74 92,392 25.43 61,992 17.06
50 - 75gm 1,040 1.32 152 0.19 684 0.87
75 - 100pm 2,720 9.51 236 0.82 1,316 4.60
100 - 125pm 160 1.18 12 0.09 36 0.26

> 1251im 40 0.57 0 0.00 0 0.00

TOTAL 9,999,720 343.23 1,439,984 59.22 429,248 33.01

SAMPLE SAMPLE
SIZE RANGE $6A-0245 4/27 CPPM $7A-0245 4/27 CPPM

10 - 25pm 1,562,288 43.72 921,244 25.77
25 - 50pm 18,144 5.00 43,972 12.10
50 - 75pm 104 0.14 180 0.23
75 - 10 0 ym 648 2.27 464 1.62

100 - 125gm 80 0.60 52 0.38
> 125;am 16 0.23 0 0

TOTAL 1,581,280 51.96 956,912 40.10

Remarks:

S3 - Wastewater from boiler before settling tank.

S4A - Wastewater from boiler after settling tank.

S5A - Wastewater from boiler after the second new 50 micron filter.

S6A - Wastewater from boiler after 25 micron filter.

STA - Wastewater from boiler after the second new 10 micron filter.
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Heavy Metals. All the metals in Tables 2 to 7 are in very low
concentrations (well below 1 mg/L with the filtered wastewater showing
the least) except for iron and copper. Iron in the wastewater before
settling remained below 10.1 mg/L. After filtration, iron in the
wastewater remained below 2.03 mg/L. It should be noted that EPA has no
discharge requirement for iron.

Copper, on the other hand, showed concentrations ranging from 54 to
1.59 mg/L before settling. Af*er filtration, the concentrations ranged
from 6.98 to 1.96 mg/L.

Based on the discharge limits of heavy metals to the sewer system
or public sanitary plant at Naval Shipyards, two heavy metals, copper
and lead with discharge limits at 2-3 mg/L and 0.05 mg/L respectively,
need to be further reduced. It is planned to combine the finally
recycled hydroblasting wastewater (only 10 percent of the total hydro-
blasting wastewater) with other sodium nitrite waste streams for treatment.

Turbidity. The turbidity method is based upon the intensity
of light scattered by the sample as compared to a known standard. The
higher the intensity of scattered light, the higher the turbidity.
Readings are made in NTU's (Nephelometer Turbidity Units) on a
nephelometer calibrated with a standard suspension of Formazin.

Table 8 shows the turbidity results as performed on samples
delivered to BTC environmental laboratory. It shows that a larger TSS
causes a high turbidity. Although the recycled wastewater was still
turbid, its reuse to clean the boiler tubes proved to be acceptable and
caused no problem.

Particle Size Measurement. The samre for particle size
measurement was stirred for a minimum of 2 minutes prior to analysis and
continuously stirred throughout testing. A 100 ml portion was analyzed
from each preparation, and particle counts were subsequently factored to
obtain statistical equivalency to 100 ml of the actual sample. This
data is given al'ng with the calculated parts per million (CPiM), which
i:- based on the r:ean particle size of each size range (see Reference 1
fo; more details of calculations). Table 9 shows that the TSS was
increased from the clean potable water to the feed solution after adding
sodium nitrite and further increased in the wastewater after leaving the
boiler tubes. The cloth bAg filters were used to remove different size
ranges of suspended solids. The filters have a normal 50 percent
efficiency at the rated size. For example, a 50-micron filter has a 50
percent probability to collect the 50 micron size particles. The
efficiency is higher as the micron size increases. Also, the efficiency
increases as the filter builds a "cake" of particles on its surface. In
our tests, the used filters exhibited no "cake" and were virtually empty
except for the particles trapped in the cloth material.

Second Series of Field Tests

Test Set-Up. The secoad series of field tests were for the second
washing of Boiler 1A, USS Dahlgren. Referring to Figure 1, the
npparatus and equipment were the same as used in the first series except
for two enhancements. First, a heat exchanger was added to cool the
wastewater as it was pumped out of the boiler and before entering the
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settling tank. This solved the problem of the 5 OF temperature rise
experienced by the boiler cleaning personnel due to the pressurization
of the recycled wastewater. Second, a smaller settling tank of 600
gallons instead of 2,500 gallons was utilized. Figure 6 shows the
configuration of the settling tank. Modification for this off-the-shelf
tank was the 10-inch diameter pipe used as a baffle. The pipe was
capped off at the bottom. This capped end was about 5 inches above tank
bottom. One-inch diameter holes were drilled just above the capped end
which allowed the wastewater to flow horizontally into the tank without
disturbing the already settled particulates. The top end of the pipe
had the proper attachments to the incoming boiler wastewater hose as
well as a vent shown in Figure 6. The effluent from this settling tank
was connected through the recycling pump to the filter trains. Two
connections of the effluent were made as shown, one at mid-height and
the other toward the top of the tank. This provided the possible
variations of the wastewater level to be pumped out. The middle baffle
in the 600-gallon tank decreased the disturbance of wastewater inside
the tank.

Test Operations. The hydroblast operations commenced at 1455, 20
June 1989 and were concluded at 0700, 22 June 1989. There were two
minor problems in the hydroblasting unit: the diesel engine failed to
drive the high pressure pump, and the high pressure hydroblast gun had
to be replaced.

The recycling equipment and apparatus performed very well except
for one slight problem. The vent of the 10-inch baffle pipe in the
600-gal settling tank was not adequate to relieve the high pressure of
the wastewater from the boiler. As the settling tank filled up with
more wastewater, so did the baffle pipe. Subsequently, some wastewater
residue was forced out of the 2-inch vent. This problem was readily
solved by attaching a flexible hose from the vent back into the 18-inch
access hatch.

At the conclusion of this recycling experiment, nine cycles were
achieved with no apparent adverse effects on the high pressure pump, the
orifice, or the boiler tubes Two boiler inspectors completed their
standard inspection procedures and accepted the cleaning results. Only
one set of filters was used in this experiment, namely, a 50-micron and
a 10-micron size filter, and they appeared to be in remarkably good shape.
It should be noted that nine recycles of the collected wastewater of 600
gallons represented a 90 percent reduction of the total wastewater.
That is, at least 6,000 gallons of fresh feed solution in addition to
make-up water would have been consumed if there had been no recycling.

Characteristics of Wastewater. As in the first series of field
tests, the characteristics of the second series t. t were extensively
analyzed by the NNSY chemical laboratory. The results are shown in
Tables 13 through 18 for the various ports and times. The turbidity and
suspended solids were analyzed by the BTC Laboratory, Ventura, CA, and
the results are shown in Table 19. The analysis of suspended solids by
the NNSY chemical laboratory is also shown in Table 19. The particle
size measurements were done by the Particle Measurement Technology Co,
Ventura, CA. The results are given in Tables 20 to 22. The following
is the summary of the analytical data and the results.
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Table-13

SAMPLE ANALYSIS FOR SECOND WASH
BOILER IA, USS DAHLGREN AT 2115-6/20

Sample Results

Sl-2115 S2-2115 S3-2115
Analysis for Units 6/20 6/20 6/20

pH 8.70 7.77 7.14
Oil and Grease mg/i <5.0 <5.0 <5.0
Total Suspended Solids mg/i < 4.0 < 4.0 13
Total Dissolved Solids mg/i 38 2100 1900
Nitrite mg/i < 1 1430 1150
Nitrate mg/i < 1 50 7

METALS

Cadmium mg/l 0.030 <0.001 0.008
Chromium mg/i 0.004 < 0.004 0.012
Copper mg/i 0.060 0.014 0.71
Lead mg/i 0.020 < 0.02 0.088
Mercury mg/1 < 0.0002 < 0.0002 < 0.0002

Iron mg/i 4.4 0.13 1.5
Nickel mg/i 0.013 < 0.004 0.052
Sodium mg/i 1.1 660 700
Zinc mg/i 1.1 0.053 0.34

Remarks:

S1 - Clean Feedwater.

S2 - Clean Feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler before settling tank.
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Table 14

SAMPLE ANALYSIS FOR SECOND WASH
BOILER 1A, USS DAHLGREN AT 1010-6/21

Sample Results

S3-1010 S4-1010 S5-1010 S6-1010
Analysis for Units 6/21 6/21 6/21 6/21

pH 7.14 7.14 7.15 7.14
Oil and Grease mg/i <5.0 <5.0 <5.0 <5.0
Total Suspended Solids mg/i 23 14 11 7
Total Dissolved Solids mg/i 1100 1400 1400 1300
Nitrite mg/1 1000 1200 1000 1100
Nitrate mg/i 4 5 70 5

METALS

Cadmium mg/i 0.010 0.008 0.006 0.004
Chromium mg/1 0.022 0.011 0.010 0.010
Copper mg/1 1.2 0.38 0.39 0.33
Lead mg/i 0.22 0.074 0.089 0.075
Mercury mg/1 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Iron mg/i 2.7 0.40 0.42 0.39
Nickel mg/i 0.063 0.030 0.035 0.022
Sodium mg/i 420 460 480 500
Zinc mg/i 0.25 0.14 0.16 0.15

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 10 micron filter.
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Table 15

SAMPLE ANALYSIS FOR SECOND WASH
BOILER IA, USS DA11LGREN AT 1615-6/21

Sample Results

S3-1615 S4-1615 S5-1615 S6-1615
Analysis for Units 6/21 6/21 6/21 6/21

pH 7.10 7.09 7.10 7.09
Oil and Grease mg/i <5.0 <5.0 <5.0 93
Total Suspended Solids mg/1 33 11 12 13
Total Dissolved Solids mg/i 1300 1400 1400 1200
Nitrite mg/i 1000 1200 1200 1200
Nitrate mg/i 5 5 100 4

METALS

Cadmium mg/l 0.015 0.010 0.014 0.010
Chromium mg/i 0.031 .024 0.018 0.016
Copper mg/1 2.0 1.4 0.95 0.84
Lead mg/l 0.25 0.20 0.18 0.20
Mercury mg/1 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Iron mg/1 2.8 0.87 0.58 0.59
Nickel mg/i 0.053 0.047 0.043 0.030
Sodium mg/i 460 490 440 450
Zinc mg/i 0.31 0.24 0.21 0.23

Remarks:

S3 - Wastewater from boiler before settling tank.

54 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 10 micron filter.

27



Table 16

SAMPLE ANALYSIS FOR SECOND WASH
BOILER 1A, USS DAHLGREN AT, 2015-6/21

Sample Results

S3-2015 S4-2015 S5-2015 S6-2015

Analysis for Units 6/21 6/21 6/21 6/21

pH 7.09 7.06 7.09 7.12
Oil and Grease mg/i 7.5 <5.0 <5.0 < 5
Total Suspended Solids mg/l 21 18 12 9
Total Dissolved Solids mg/l 1200 1300 1200 1200
Nitrite mg/i 1100 1100 1000 1100
Nitrate mg/1 5 5 5 5

METALS

Cadmium mg/i 0.010 < 0.002 < 0.002 0.006
Chromium mg/i 0.025 < 0.004 < 0.004 0.017
Copper mg/i 1.1 0.82 0.78 0.65
Lead mg/l 0.25 0.031 0.042 0.16
Mercury mg/i < 0.0002 < 0.0002 < 0.0002 < 0.0002
Iron mg/i 1.4 0.59 0.57 0.53
Nickel mg/i 0.048 0.006 0.006 0.037
Sodium mg/i 460 570 510 470
Zinc mg/i 0.31 0.27 0.23 0.24

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

55 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 10 micron filter.
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Table 17

SAMPLE ANALYSIS FOR SECOND WASH

BOILER 1A, USS DAHLGREN AT, 0700-6/22

Sample Results

S3-0700 S4-0700 S5-0700 S6-0700
Analysis for Units 6/22 6/22 6/22 6/22

pH 7.10 7.09 7.10 7.09
Oil and Grease mg/i < 5 <5.0 <5.0 37
Total Suspended Solids mg/i 190 13 14 20
Total Dissolved Solids mg/i 1300 1600 1500 1500
Nitrite mg/i 1400 1300 1100 1000
Nitrate mg/i 16 2 5 1

METALS

Cadmium mg/l 0.013 < 0.002 < 0.002 0.004
Chromium mg/i 0.062 < 0.004 < 0.004 0.017
Copper mg/i 1.5 0.83 0.99 0.87
Lead mg/i 0.51 0.026 0.034 0.17
Mercury mg/i < 0.0002 < 0.0002 < 0.0002 < 0.0002

Iron mg/i 5.8 0.49 0.72 0.59
Nickel mg/i 0.060 0.006 0.006 0.025
Sodium mg/1 470 500 490 350
Zinc mg/i 0.51 0.26 0.30 0.21

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 10 micron filter.
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TABLE 18

ADDITIONAL HEAVY METAL ANALYSIS

SECOND WASH, BOILER 1A, USS DAHLGREN, AT NNSY

Antimony Arsenic Beryllium Selenium Silver Thallium

S2-2115 < 0.015 0.03 <0.001 < 0.04 < 0.002 < 0.04

6/20

S3-1010 0.042 < 0.03 <0.001 < 0.04 < 0.002 0.054
6/21

S6-1010 0.018 < 0.003 <0.001 < 0.004 < 0.002 < 0.04

6/21

S3-2015 0.019 < 0.03 <0.001 < 0.04 < 0.002 0.093
6/21

S6-2015 0.031 < 0.03 <0.001 < 0.04 < 0.002 0.076

6/21

S3-0700 0.054 < 0.03 <0.001 < 0.04 0.003 0.12
6/22

S6-0700 0.029 < 0.03 <0.001 < 0.04 < 0.002 0.040
6/22

Remarks:

S2 - Clean Feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler with no settling.

S6 - Wastewater after settling and after 10 micron filter.
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TABLE 19

TURBIDITY AND SUSPENDED SOLIDS FOR SECOND WASH

BOILER 1A, USS DAHLGREN, AT NNSY

Sample Turbidity Suspended Solids mg/i
BTC
NTU BTC1  NNSY 2

S1-2215 6/20 0.16 12 < 4
S2-2215 6/20 0.70 2 < 4
S3-2215 6/20 0.40 76 13

S3-1010 6/21 0.39 23 23
S4-1010 6/21 0.23 9 14
S5-1010 6/21 0.18 12 11
S6-1010 6/21 0.20 < 0.01 7

S3-1615 6/21 0.50 44 33
S4-1615 6/21 0.41 22 11
S5-1615 6/21 0.20 18 12
S6-1615 6/21 0.24 6 13

S3-2015 6/21 0.50 29 21
S4-2015 6/21 0.45 20 18
S5-2015 6/21 0.40 1 12
S6-2015 6/21 0.27 7 9

S3-0700 6/22 1.65 383 190
S4-0700 6/22 0.49 14 13
S5-0700 6/22 0.42 11 14
S6-0700 6/22 0.38 25 20

Remarks
1. Analysis Performed by BTC Environmental, Ventura, CA.
2. Analysis performed by Environmental Chemistry Laboratory, NNSY.

S1 - Clean Feedwater.
S2 - Clean Feedwater and sodium nitrite mixture.
S3 - Wastewater from boiler before settling tank.
S4 - Wastewater from boiler after settling tank.
SS - Wastewater from boiler after 50 micron filter.
S6 - Wastewater from boiler after 10 micron filter.
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TABLE 20

PARTICLE SIZE MEASUREMENT FOR SECOND WASH
BOILER 1A, USS DAHLGREN, AT 2115-6/20

SAMPLE SAMPLE SAMPLE
SIZE RANGE S1-2115 6/20 CPPM S2-2115 6/20 CPPM S3-2115 6/20 CPPM

10 - 25pm 27,472 0.77 29,980 0.84 3,513,200 98.30
25 - 50pm 4,064 1.12 14,004 3.86 725,800 199.81
50 - 75pm 376 0.48 2,056 2.62 27,400 34.92
75 - 100im 80 0.28 304 1.06 2,000 6.99

100 - 125pm 16 0.12 40 0.30 1,000 7.43
> 125pm 40 0.57 0 0.00 800 11.46

TOTAL 32,048 3.34 46,384 8.68 4,270,200 358.91

Remarks:

S1 - Clean Feedwater.

S2 - Clean Feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler before settling tank.
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pH. The pH remained in a narrow range of 7.06 to 7.14
throughout the test except at the initiation of the test where the pH
was 8.7 and 7.77 for the freshwater feed and fresh feed solution,
respectively. These pH values are within the wastewater discharge limit
of 6 to 9.

Oil and Grease. Oil and grease remained essentially below the
5 mg/L concentration except for two relatively high readings. One reading
of 93 mg/L for S6 in table 15 and a second of 37 mg/L for S6 in Table
17. Again, NNSY chemical laboratory personnel rechecked their data and
no errors were found in the procedure or calculations. The only plausible
answer is that some grease from the sample taker's gloves got into the
bottle. Thus, the oil and grease values are also within the limits of
100 mg/L to be discharged to the sanitary plants.

Total Suspended Solids. Laboratory tests in a 14-inch height
graduated cylinder showed that a 45-minute settling time was required to
obtain a clean solution in the upper half of the cylinder. Our 600-gal
settling tank was designed to provide 1 hour of settling time for a waste-
water flow of 10 gal/mn, or half an hour settling for a flow of 20 gal/min.

Table 19 shows two independent analytical results for total suspended
solids as performed by NNSY and the BTC Environmental Laboratory. The
total suspended solids in Tables 12 to 17 are included in Table 19. The
two sets of results show good agreement and a definite trend of less
suspended solids after residence in the settling tank and then after
filters. Note that several sets of data of filtration did not show TSS
reduction by filters. More checks need to be done in the future.

Total Dissolved Solids. Tables 12 through 17 show that the
clean feed water (Sl) had the lowest content of TDS. The feed solution
(S2) had a significant increase in TDS due to the addition of sodium
nitrite. The TDS of S3 to S6 remained in a range of 1100 to 1900 mg/L
which indicates that the settling and filtration had no effect on the
TDS.

Nitrite. Nitrite concentrations ranged from a low of 1000
mg/L to a high of 1430 mg/L but predominantly around 1100 mg/L. Thus,
the sodium nitrite dosage to the fresh feed solution was in excess of
the required nitrite concentration of 800 mg/L.

Nitrate. Nitrate concentrations were predominantly around 5
mg/L except for three relatively higher readings of 50, 70 and 100 mg/L.
Again, these data indicate that little nitrite was oxidized to nitrate.

Heavy Metals. All the metals in Tables 13 through 18 except
copper and iron remained well below 1 mg/L. The filtered wastewater
showed the least metal content. Copper ranged from 2.0 to 0.71 mg/L
before settling to a range of 0.87 to 0.33 mg/L after filtration. Iron
ranged from 5.8 to 1.4 mg/L before settling and 0.59 to 0.39 mg/L after
filtration.

Additional heavy metal analysis was performed for antimony, arsenic,
beryllium, selenium, silver, and thallium. All metal concentrations
remained below 0.09 percent and in a very narrow range as shown in
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Table 18. Generally, they all meet the discharge limits to sewer.
However, any strict requirement in some local regulations needs to be
examined in the future.

Turbidity. Table 19 shows turbidity results for samples
delivered to BTC environmental laboratory. There was a close relation
between turbidity of the wastewater with its TSS. The highest turbidity
was always exhibited for the wastewater piped directly from the ship
boiler (S3).

Particle Size Measurement. Tables 21 and 22 show a definite
advantage of the settling tank. The advantages of using filters for
removing solids were less in this series of field tests than the first
series.

Third Series of Field Tests

Test Set-up. This third series of field tests utilized the same
set-up as the second series. The only difference was the use of three
filters in series which were 50-, 25-, and 10-micron filters.

Test Operations. The hydroblast unit was started at 0815 on 24
June 1989. However, the diesel engine failed to maintain the proper
10,000 psig pump pressure. At 1330 of the same day, hydroblasting
operations resumed. The cleaning operations were completed at 2230,
27 June 1989. For operational reasons, no shipyard work of any kind,
including hydroblasting, was performed on the ship on Sunday 25 June.
This series of tests to clean boiler 2B was completed with 12 recycles
and represented a 92 percent reduction of wastewater.

Characteristics of Wastewater. The third series of field tests
were done for boiler 2B. The characteristics of the wastewater are
given in Tables 23 through 28. The turbidity and suspended solids are
given in Table 29. The suspended solids from Tables 23 through 27 are
also shown in Table 29. The particle size measurements are given in
Tables 30 through 33. The following is the summary of the analytical
data and results.

pH. The pH remained around 7.5 except for the first day's
samples in Table 23 where the pH ranged from 9.18 for the fresh feed-
water to 8.5 for the wastewater.

Oil and Grease. The first half of the data for oil and grease
shows two samples concentrations of 94 and 100 mg/L and another four
with a range of 13 to 19 mg/L. The remainder of the data shows
concentrations of less than 5 mg/L.

Total Suspended Solids. Table 29 shows the results for total
suspended solids performed by NNSY and the BTC Environmental Laboratory.
Table 29 also includes the total suspended solids from Tables 23 through
27. Again, the results between the two laboratories are in good
agreement. Generally, the larger the TSS was, the higher the turbidity
of the wastewater. The last two sets of data show that the settling
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TABLE 23

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 2B, USS DAHLGREN AT 1405-6/24

Sample Results

Sl-1405 S2-1405 S3-1405
Analysis for Units 6/24 6/24 6/24

pH 9.18 8.58 8.50
Oil and Grease mg/i 13 9 18
Total Suspended Solids mg/i < 4.0 < 4.0 190
Total Dissolved Solids mg/1 10 1200 1300
Nitrite mg/i < 1 970 1000
Nitrate mg/1 < 1 4 4

METALS

Cadmium mg/l < 0.002 <0.001 0.006
Chromium mg/i 0.004 < 0.004 0.011
Copper mg/i 0.13 0.013 15
Lead mg/i 0.020 < 0.02 0.45
Mercury mg/i < 0.0002 < 0.0002 < 0.0002
Iron mg/i 0.035 0.036 3.0
Nickel mg/i 0.006 < 0.004 0.20
Sodium mg/i 380 410 450
Zinc mg/l 0.016 0.016 0.24

Remarks:

Sl - Clean Feedwater.

S2 - Clean Feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler before settling tank.

37



TABLE 24

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 2B, USS DAHLGREN, AT 1610-6/24

Sample Results

S3-1610 S4-1610 S5-1610 S6-1610 S7-1610
Analysis for Units 6/24 6/24 6/24 6/24 6/24

pH 7.93 7.84 7.72 7.52 7.66
Oil and Grease mg/l 94.0 18 6 19 9
Total Suspended Solids mg/1 88 79 68 64 45
Total Dissolved Solids mg/i 1000 860 950 950 950
Nitrite mg/i 780 780 840 790 800
Nitrate mg/i 4 4 4 5 4

METALS

Cadmium mg/i 0.010 0.008 0.007 0.006 0.008
Chromium mg/i 0.039 0.015 0.007 0.011 0.025
Copper mg/i 17 14 11 11 7.8
Lead mg/i 0.74 0.60 0.52 0.49 0.47
Mercury mg/i < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Iron mg/i 5.48 1.7 1.4 1.4 1.2
Nickel mg/i 0.30 0.20 0.16 0.14 0.12
Sodium mg/i 1.5 360 310 360 360
Zinc mg/i 0.33 0.26 0.22 0.25 0.18

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 25 micron filter.

S7 - Wastewater from boiler after 10 micron filter.
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TABLE 25

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 2B, USS DAHLGREN, AT 2300-6/24

Sample Results

S3-2300 S4-2300 S5-2300 S6-2300 S7-2300
Analysis for Units 6/24 6/24 6/24 6/24 6/24

pH 7.46 7.02 7.05 7.15 7.26
Oil and Grease mg/i 7 100 8 < 5 < 5
Total Suspended Solids mg/i 55 67 50 30 24
Total Dissolved Solids mg/i 940 910 940 940 960
Nitrite mg/i 790 810 800 800 800
Nitrate mg/1 4 4 4 4 4

METALS

Cadmium mg/i 0.008 0.005 < 0.002 < 0.002 < 0.002
Chromium mg/i 0.006 0.017 0.017 0.011 0.024
Copper mg/i 5.8 15 9.8 9.8 4.9
Lead mg/1 0.29 0.64 0.48 0.31 0.35
Mercury mg/i < 0.0002 < 0.0002 < 0.0002 <0.0002 < 0.0002

Iron mg/i 1.7 1.7 1.2 0.83 1.3
Nickel mg/i 0.24 0.24 0.16 0.092 0.081
Sodium mg/i 350 360 330 330 340
Zinc mg/i 0.28 0.28 0.22 0.18 0.16

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 25 micron filter.

S7 - Wastewater from boiler after 10 micron filter.
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TABLE 26

SAMPLE ANALYSIS FOR FIRST WASH
BOILER 2A, USS DAHLGREN, AT 1235-6/26

Sample Results

S3-1235 S4-1235 S5-1235 S6-1235 S7-1235
Analysis for Units 6/26 6/26 6/26 6/26 6/26

pH 7.51 7.52 7.50 7.47 7.46
Oil and Grease mg/i < 5 < 5 < 5 < 5 < 5
Total Suspended Solids mg/i 130 50 36 29 18
Total Dissolved Solids mg/i 860 850 830 830 830
Nitrite mg/i 750 740 750 760 740
Nitrate mg/1 5 5 5 5 5

METALS

Cadmium mg/i 0.011 < 0.002 <0.002 < 0.002 0.004
Chromium mg/i 0.027 0.011 0.012 0.010 0.010
Copper mg/i 34 8.0 7.3 5.7 3.8
Lead mg/i 0.93 0.39 0.40 0.29 0.20
Mercury mg/i < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002
Iron mg/i 2.8 0.94 0.85 0.73 0.55
Nickel mg/l 0.44 0.14 0.13 0.082 0.073
Sodium mg/i 310 330 330 300 350
Zinc mg/i 0.36 0.20 0.18 0.15 0.14

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 25 micron filter.

S7 - Wastewater from boiler after 10 micron filter.
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TABLE 27

SAMPLE ANALYSIS FOR FIRST WASH

BOILER 2B, USS DAHLGREN, AT 2230-6/26

Sample Results

S3-2230 S4-2230 S5-2230 S6-2230 S7-2230
Analysis for Units 6/26 6/26 6/26 6/26 6/26

pH 7.54 7.49 7.53 7.51 7.49
Oil and Grease mg/i <5.0 <5.0 <5.0 < 5 <5.0
Total Suspended Solids mg/i 74 34 60 28 17
Total Dissolved Solids mg/i 870 840 840 1000 1000
Nitrite mg/i 750 750 810 750 760
Nitrate mg/1 5 5 5 5 5

METALS

Cadmium mg/i 0.011 < 0.002 < 0.002 < 0.002 0.002
Chromium mg/i 0.038 0.012 0.012 0.008 0.009
Copper mg/i 19 6.6 9.5 4.7 2.4
Lead mg/i 0.60 0.36 0.51 0.21 0.11
Mercury mg/i < 0.0002 < 0.0002 < 0.0002 < 0.0002 < 0.0002

Iron mg/i 5.6 0.76 0.91 0.54 0.46
Nickel mg/1 0.35 0.13 0.21 0.092 0.079
Sodium mg/i 340 320 320 330 330
Zinc mg/i 0.35 0.18 0.22 0.15 0.11

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 25 micron filter.

S7 - Wastewater from boiler after 10 micron filter.
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TABLE 28

ADDITIONAL HEAVY METAL ANALYSIS

FIRST WASH, BOILER 2B, USS DAHLGREN, AT NNSY

Antimony Arsenic Beryllium Selenium Silver Thallium

S2-1405 < 0.015 < 0.03 <0.001 < 0.04 < 0.002 < 0.04

6/24

S3-1610 0.033 < 0.03 <0.001 < 0.04 0.009 0.27

6/24

S7-1610 < .015 < 0.03 <0.001 < 0.04 0.004 0.15

6/24

S3-1235 0.047 < 0.03 <0.001 No data 0.012 0.30
6/26

S7-1235 0.029 < 0.03 <0.001 < 0.04 < 0.002 0.086
6/26

S3-2230 0.22 < 0.03 <0.001 < 0.04 0.04 0.27
6/26

S7-2230 0.026 < 0.03 <0.001 < 0.04 < 0.002 0.089
6/26

Remarks:

S2 - Clean Feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler before settling tank.

S7 - Wastewater from boiler after 10 micron filter.
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TABLE 29

TURBIDITY AND SUSPENDED SOLIDS FOR FIRST WASH
BOILER 2B, USS DAHLGREN, AT NNSY

Sample Turbidity Suspended Solids mg/l
BTC
NTU BTC1  NNSY2

S1-1405 6/24 0.12 2 < 4
S2-1405 6/24 0.15 3 < 4
S3-1405 6/24 0.68 110 190

S3-1610 6/24 0.72 71 88
S4-1610 6/24 0.75 75 79
S5-1610 6/24 0.48 75 68
S6-1610 6/24 0.54 65 64
S7-1610 6/24 0.42 52 45

S3-2300 6/24 0.59 41 55
S4-2300 6/24 0.74 59 67
S5-2300 6/34 0.38 52 50
S6-2300 6/24 0.52 27 30
S7-2300 6/24 0.29 23 24

S3-1235 6/26 9.6 124 130
S4-1235 6/26 0.69 50 50
SS-1235 6/26 0.485 41 36
S6-1235 6/26 0.49 28 29
S7-1235 6/26 0.42 17 18

S3-2230 6/26 0.67 93 74
S4-2230 6/26 0.49 40 34
S5-2230 6/26 0.45 54 60
S6-2230 6/26 0.42 48 28
S7-2230 6/26 0.29 15 17

Remarks
1. Analysis Performed by BTC Environmental, Ventura, CA.
2. Analysis performed by Environmental Chemistry Laboratory, NNSY.

$1 - Clean Feedwater.
52 - Clean Feedwater and sodium nitrite mixture.
S3 - Wastewater from boiler before settling tank.
S4 - Wastewater from boiler after settling tank.
S5 - Wastewater from boiler after 50 micron filter.
S6 - Wastewater from boiler after 25 micron filter.
S7 - Wastewater from boiler after 10 micron filter.
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TABLE 30

PARTICLE SIZE MEASUREMENT FOR FIRST WASH
BOILER 2B, USS DAHLGREN, AT 1405-6/24

SAMPLE SAMPLE SAMPLE
SIZE RANGE S1-1405 6/24 CPPM S2-1405 6/24 CPPM S3-1405 6/24 CPPM

10 - 25pm 2,758 0.08 110,760 3.10 4,471,040 125.10
25 - 50pm 506 0.14 10,800 2.97 270,640 74.50
50 - 751m 66 0.08 760 0.97 66,560 84.83
75 - 100pm 8 0.03 220 0.77 7,360 25.74

100 - 125pm 2 0.01 40 0.30 560 4.16
> 125pm 2 0.03 0 0.00 240 3.44

TOTAL 3,342 0.37 122,580 8.11 4,816,400 317.77

Remarks:

Sl - Clean Feedwater.

S2 - Clean Feedwater and sodium nitrite mixture.

S3 - Wastewater from boiler before settling tank.
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TABLE 31

PARTICLE SIZE MEASURMENT FOR FIRST WASH
BOILER 2B, USS DAHLGREN, AT 1610-6/24

SAMPLE SAMPLE
SIZE RANGE S3-1610 6/24 CPPM S4-1610 6/24 CPPM

10 - 2 5pm 3,147,680 88.07 8,511,120 238.14
25 - 50pm 89,440 24.62 163,280 44.95
50 - 75pm 2,560 3.26 1,360 1.73
75 - 100pm 160 0.56 0 0.00

100 - 125pm 80 0.59 0 0.00
> 125pm 0 0.00 0 0.00

TOTAL 3,239,920 117.10 8,675,760 284.82

SAMPLE SAMPLE SAMPLE
SIZE RANGE S5-1610 6/24 CPPM S6-1610 6/24 CPPM S7-1610 6/24 CPPM

10 - 25pm 2,572,800 71.99 4,960,160 138.79 4,593,320 128.52
25 - 50Mm 59,100 16.27 44,640 12.29 63,640 17.24
50 - 75Mm 560 0.71 5,520 7.04 520 0.66
75 - 100Mm 60 0.21 160 0.56 0 0.00

100 - 125Mm 0 0.00 0 0.00 0 0.00
> 125pm 0 0.00 0 0.00 0 0.00

TOTAL 2,632,520 89.18 5,010,480 158.68 4,656,480 146.42

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 25 micron filter.

S7 - Wastewater from boiler after 10 micron filter.
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TABLE 32

PARTICLE SIZE MEASUREMENT FOR FIRST WASH

BOILER 2B, USS DAHLGREN, AT 1235-6/26

SAMPLE SAMPLE
SIZE RArK3E S3-1235 6/26 CPPM S4-1234 6/26 CPPM

10 - 25pm 8,714,800 243.84 3,871,320 108.32
25 - 50pm 341,600 94.04 100,640 27.71
50 - 75pm 16,100 20.52 1,280 1.63
75 - 100pm 4,200 14.69 40 0.14

100 - 125pm 100 0.74 0 0.00

> 125pm 100 1.43 0 0.00

TOTAL 9,076,900 375.26 3,973,280 137.80

SAMPLE SAMPLE SAMPLE
SIZE RANGE S5-1235 6/26 CPPM S6-1235 6/26 CPPM S7-1235 6/26 CPPM

10 - 25pm 2,888,640 80.82 2,632,920 73.67 1,147,680 32.11
25 - 50pm 20,440 5.63 43,160 11.88 20,200 5.56
50 - 75pm 160 0.20 200 0.25 320 0.41
75 - 100pm 0 0.00 40 0.14 0 0.00

100 - 125pm 0 0.00 120 0.89 40 0.30
> 125pm 0 0.00 40 0.57 0 0.00

TOTAL 2,909,240 86.65 2,676,480 87.40 1,168,240 38.38

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

S5 - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 25 micron filter.

S7 - Wastewater from boiler after 10 micron filter.
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TABLE 33

PARTICLE SIZE MEASUREMENT FOR FIRST WASH
BOILER 2B, USS DAHLGREN, AT 2230-6/26

SAMPLE SAMPLE
SIZE RANGE S3-2230 6/26 CPPM S4-2230 6/26 CPPM

10 - 25pm 2,516,680 70.42 4,496,240 125.80
25 - 50pm 71,600 19.71 82,880 22.82
50 - 75Mm 5,160 6.58 1,120 1.43
75 - 100pm 160 0.56 0 0.00

100 - 125pm 0 0.00 0 0.00
> 125jm 0 0.00 0 0.00

TOTAL 2,593,600 97.27 4,580,240 150.05

SAMPLE SAMPLE SAMPLE
SIZE RANGE S5-2230 6/26 CPPM S6-2230 6/26 CPPK S7-2230 6/26 CPPM

10 - 25pm 4,077,200 114.08 3,681,200 103.00 1,147,300 32.10
25 - 50pm 110,480 30.41 123,200 33.92 39,020 10.74
50 - 75pm 1,000 1.27 1,400 1.78 2,120 2.70
75 - 100pm 0 0.00 320 1.12 120 0.42

100 - 125pm 0 0.00 160 1.19 0 0.00
> 125pm 0 0.00 40 0.57 40 0.57

TOTAL 4,188,680 145.76 3,806,320 141.58 1,188,600 46.53

Remarks:

S3 - Wastewater from boiler before settling tank.

S4 - Wastewater from boiler after settling tank.

SS - Wastewater from boiler after 50 micron filter.

S6 - Wastewater from boiler after 25 micron filter.

S7 - Wastewater from boiler after 10 micron filter.
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tank was advantageous. However, the preceding two sets of data show the
settling tank having no effect, which might be due to turbulence caused
by inadequate venting of the settling tank.

Total Dissolved Solids. Tables 23 through 27 show that the
clean feed water (S1) had the lowest content of TDS. The feed solution
(S2) had a significant increase in TDS due to the addition of sodium
nitrite. The TDS of S3 through S7 remained in a range of 830 to 1300 mg/L,
which indicates that the settling and filtration had no effect on the TDS.

Nitrite. Nitrite concentration remained in a narrow range of
750 to 840 mg/L, throughout the tests, which was very satisfactory.

Nitrate. Nitrate concentrations remained at 5 mg/L and below.
That was also very satisfactory.

Heavy Metals. All the wastewater metal concentrations in Tables 23
through 28, except for iron and copper, were below 1 mg/L with the filtered
wastewater having the least. Iron had a range of 5.6 to 1.7 mg/L before
settling and a range of 1.3 to 0.46 mg/L after filtration. Copper had a
range of 34 to 5.8 mg/L before settling and a range of 7.8 to 2.4 mg/L
after filtration.

Additional heavy metal analysis was performed on antimony, arsenic,
beryllium, selenium, silver, and thallium. All metal concentrations
remained constant or remained below 0.09 percent in a very narrow range
as shown in Table 28.

Turbidity. Table 29 shows the turbidity results for samples
delivered to BTC Environmental Laboratory. There was a close relation
between turbidity of the wastewater with its TSS. The highest turbidity
was always exhibited in wastewater taken directly from the ship boiler (S3).

Particle Size Measurement. Tables 30 through 33 show the
results of the particle size measurement on selected sample sets.
Certain data show that subsequent to settling and filtration, the
particle count for the 10 - 25 micron size increases. Several plausible
explanations are offered for this abnormality: first, an analytical
error is possible. However, discussions with the analytical personnel
revealed that such error is unlikely since the corresponding TSS data
shows a similar increase. Second, a turbulence or disturbance in the
settling tank is very likely due to the inadequate venting. As mentioned
before, turbulence in the settling tank will increase the downstream
suspended solids concentration and the smaller particles will be the
most affected. Third, the increase in the fine (10 - 25-micron) particles
might also be caused by these particles being shaken loose due to pressure
pulses as the recycling pump was switched off and on.

Overall Results and Considerations

The summarized results and some considerations for all three series
of field tests are given below:
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pH. The pH of the hydroblasting wastewater throughout the three
series of tests remained generally in a range of between 7 and 8. This
pH range meets regulations on wastewater discharge.

Oil and Grease. The oil and grease in the wastewater show over-
whelmingly less than 5 mg/L. Seven samples out of a total of 42 had
over 10 mg/L with three samples out of the seven being between 90 -
100 mg/L. It should be noted that these high levels were from the same
sample set. The NNSY chemical laboratory checked all their procedures
and calculations and discovered no mistakes. Their explanation for
these samples with the high oil and grease content is that oil and
grease from the sample taker's glove got into the sample bottle. Thus,
there is no apparent increase of oil and grease during the hydroblasting
operations. Also, there is no need of oil pretreatment for the recycled
wastewater.

Total Suspended Solids. Tables 8, 19, and 29 show the results for
the TSS concentrations for the first and second wash of boiler 1A and
the first wash of boiler 2B. Two separate samples from each sample port
were taken concurrently and analysis performed at two independent
laboratories. Generally the tables show a good agreement in the results.

However, the above tables contain certain inconsistencies. Samples
taken at 1830 (first series Table 8) and samples taken at 2300 (third
series Table 29) show a higher TSS content after settling than before
settling. This trend is exhibited in both sets of samples taken
concurrently but analyzed by separate laboratories. The one plausible
reason would be some kind of turbulence of the settled particulates.
This is not unusual given the many activities of other heavy equipment
along the pier. Furthermore, the 600-gallon settling tank did have
inadequate venting that might result in back pressure and turbulence
when the wastewater level in the tank was high.

Table 34 gives the "Before Settling" and "After Last Filtration"
TSS data for the three series of field tests in a high/low range. The
table shows the same high/low ranges, with and without both extreme
values discarded. The discarded high or low values are considered to be
erratic data points and not truly representative. It is important to
note that almost all the suspended solid particles larger than 75
microns were completely removed after filtration. It should also be
pointed out that the TTS discharge limit is seldom enforced. However, a
few local governments do restrict T-S at 60 ppm in the wastewater to
discharge to a sewer or sanitation plant. Our data show that the
hydrobasting wastewater generally exceeds this discharge limit before
settling and filtering.

Total Dissolved Solids. The clean feed water TDS content (Sl)
ranged from a high of 120 mg/L for the first series test to a low of 10
mg/L for the last series test. The feed solution TDS content (S2) was
significantly higher due to the addition of sodium nitrite. The range
was between 800 to 2000 mg/L but predominantly around 1200 mg/L. The
wastewater TDS content at all sample ports was similar to or higher than
that of the feed solution (S2).
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Table 34

Summary of Total Suspended Solids
(Mg/L)

Field Test Series Before Settling After Last Filtration

1st Series, 1st Wash Boiler 1A 204 - 9 38 - 4

(200 - 41) (35 - 5)

2nd Series, 2nd Wash Boiler 1A 383 - 13 25 - 0.01
(44 - 21) (20 - 6)

3rd Series, 1st Wash Boiler 2B 190 - 41 52 - 15
(130 - 55) (45 - 17)

Note: Values in brackets are the data after discarding a few extreme high
and low points.
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Nitrite. The results indicate that for the first and third series
of tests, the nitrite concentration ranged below the required 800 mg/L.
Results for the second series of tests show a higher than proper concen-
tration range. However, for all the tests, the nitrite concentration
remained in a constant range with no loss.

Nitrate. Generally the nitrate concentration was below 10 mg/L.
There was no nitrite conversion to nitrate. This simplifies the
suggested reconditioning step of the recycling process. For the future
standard procedure, we only need to use simple method to check the
nitrite, such as the Hach calorimetric method.

Heavy Metals. Tables 18 and 28 show the analyses of those heavy
metals which belong to the EPA priority pollutants, but usually are not
required to be monitored in local regulations. These two tables
indicate that arsenic, beryllium, selenium, and silver had no change in
concentrations from fresh feed solution to recycled wastewater. Table
35 summarizes the total metals concentrations in a high/low format for
all the three tests combined. The results are given for "fresh feed
solution," "before settling," and "after last filtration." Meanwhile,
the discharge limits to the sewer are listed for reference. Again, the
results in brackets are the representative ranges after discarding a few
extreme high and low data points. Table 35 shows that cadmium and
chromium had the least average percentage increase while copper had the
highest (400 fold) increase from "fresh feed solution." Furthermore,
all heavy metal concentrations were significantly reduced after their
last filtration as compared to the wastewater from the ship boiler (S3).
It is also interesting to note that only copper and lead exceeded the
discharge limits to sewer after last filtration (25- or 10-micron
filter). In our overall technical approach, the final recycled
wastewater, which will be about 10 percent of the total hydroblasting
wastewater, will be treated for disposal in a separate R&D project.

Turbidity. Tables 8, 19, and 29 show the turbidity results
performed on the wastewater for the first, second, and third series of
tests. The analysis was performed on samples delivered to BTC
Laboratory. The results do show that turbidity is increased by the
increasing of suspended solids.

Particle Size Measurement. Tables 9 - 12, 20 - 22, and 30 - 33
represent the data of the particle size measurements performed on
selected samples for the the first, second, and third series of tests.
Generally these data show an overwhelming trend of particle reductions
in size and quantity of the wastewater after settling and filtration.
However, certain results are inconsistent as evidenced in an increase in
the size and count of particles after settling and successive filtering.
The cloth filters are rated at 50 percent efficiency to remove the
particles equivalent to the given size of filter. As the recycling
process continues, particles accumulating on the filter increased.
Also, during the recycling mode, the recycling pump is continually
turned on and off to maintain the proper level in the 65 gallon feed
solution tank of the hydroblast unit. It is therefore conceivable that
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TABLE 35

Total Metal Concentrations mg/L

Discharge

Fresh Feed Solution Before Settling After Last Filteration Limit

Cadmium .003 - <.001 .022 - <.001 .01 - .001 0.10

Chromium .01 - <.004 .087 - <.002 .035 - .009 C.15

Copper .014 - .011 54 - 0.71 7.8 - 0.33 2.00
(34 - 1.1) (6.98 - 0.65)

Lead <.02 - .01 1.06 - 0.036 0.86 - 0.075 0.05
(0.93 - 0.088) (0.50 - 0.11)

Iron 0.13 - 0.036 10.1 - .028 2.03 - 0.39 No req'd

(5.8 - 1.4) (1.3 - 0.41) limit

Nickel <.004 - <.003 0.44 - 0.006 0.12 - 0.01 0.40
(0.35 - 0.022) (.081 - 0.022)

Zinc .053 - .016 0.51 - .09 0.37 - 0.11 1.48
(0.46 - 0.24) (0.24 - 0.13)

Antimony .015 .22 - .019 .31 - 0.015 1.00
(.054 - 0.033) (.029 - .018)

Thallium <.04 0.30 - 0.054 0.15 - <0.04 -

(0.27 - 0.093) (0.089 - 0.04)

(1) Values in brackets are likely representative ranges after discarding
a few extremely high and low data points.

(2) The discharge limits are the most stringent requirement to sewer or
sanitary plants in Philadelphia, PA, Los Angeles, and Sunnyvale, CA.
Also, these discharge limits are applicable to the Industrial Waste
Treatment Plant at Norfolk Navai Shipyard, VA., and Pearl Harbor Naval Shipyard.
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with the pressure surges of the recycling pump, some particulates are
dislodged from the filters back into the wastewater stream and into
sample bottles. Consequently, the ai..'Vsis showed inconsistent results.

Table 36 is a summary of the total suspended solids count for
potable water, fresh feed solution, wastewater before settling, and
wastewater after last filtration for all three series of tests. All
samples show a significant drop in the total particle count through
settling end filtration except one taken at 1610, June 24, 1989.

Table 37 is a summary of the particle counts of the small particle
size (10 - 25 microns) and the large particle size (above 75 microns).
It can be seen that the particle numbers of both categories increased
from potable water, to feed solution, and to wastewater. Then the
particles were reduced after settling and filtering.

SAFETY

Safety Procedures for Field Tests and Operations

Safety During Recycling of Hydroblasting Wastewater. Detailed test
and safety procedures for recycling of hydroblasting wastewater have
been prepared by NCEL. These procedures were used during three series
of field tests in FY89 and the forthcoming implementation tests. As
shown in the Appendix, the procedures consist of two sections. One is
an operational test procedure. The other is a task hazard analysis.

Safety During Hydroblast Washing. Naval shipyards have standard
equipment and safety procedures for operation of their hydroblast units.
During hydroblast washing of ship boilers, each shift consists of four
persons: foreman, unit operator, gun operator, and lance operator. The
unit operator is stationed at the engine side of the hydroblast unit and
operates its engine. The gun operator is stationed outside the boiler's
steam drum and operates control gun on the voice instruction from lance
operator. The lance operator is stationed inside the steam drum and
handles lance to wash boiler tubes and drums. The lance operator must
wear a rain suit and nonvented chemical gloves, put on his face shield,
and if necessary use a respirator ccnnected to an air canister. A hard
hat, goggles, and ear plugs are recommended for other operators
performing the hydroblast work. With these protective clothing and
accessories, the operators are fully shielded from potentially hazardous
solution and wastewater.

Safety Procedures for Personnel Health

Toxicity Tests. In order to determine whether the hydroblasting
wastewater is toxic, various samples of both first washing and second
washing were analyzed by the BTC Environmental Laboratory, Ventura, CA.

Briefly, the method is a 96-hour toxicity test using 10 small fish
(fathead minnows) to determine the LC50 (lethal concentration, 50 percent).
In addition to a control sample using pure water, two concentrations of
wastewater are prepared: one with 250 mg of wastewater diluted to one
liter, and the other with 750 mg of wastewqter diluted to one liter.
The fathead minnows are placed into the control sample and the diluted
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Table 36

Summary of Total Suspended Soilds Count
(10 micron and over Per 100 mL wastewater)

Sample 1st Series Tests 2nd Series Tests 3rd Series Tests

SI: Potable water 14,736 32,048 3,342

52: Fresh feed solution 48,936 46,384 122,580

S3: Before settling 10,631,920 4,270,200 4,816,400

......... . ............................... . .. ....- ..-....... . ...... :....

Wastewatsr before
settling 5,968,980 5,098,160 3,239,920

Wastewater after 255,320 1,194,800 4,656,480
last filtration

Above samples taken at 1045-4/26, 1615-6/26, and 1610-6/24 for lst,
2nd, and 3rd series respectively.

.............. :.. ............ .. ............ . ..............

Wastewater before
settling 4,299,440 5,355,680 8,714,800

Wastewater after 3,810,336 1,672,800 1,168,240

last filtration

Above samples taken at 1830-4/26, 0700-6/27, and 1235-6/26 for 1st,
2nd, and 3rd series respectively.

M. ... ................ ..... r... .......--...................... ....

Wastewater before
settling 9,999,720 2,516,680

Wastewater after
last filtration 956,912 - 1,188,600

Above samples taken at 0245-4/27 and 2230-6/26 for 1st and 2nd series
respctively.
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wastewater samples. Keep the samples at pH around 7, temperature at 25
0C, and dissolved oxygen at 6-7 ppm (by aeration), and count the number
of the fathead minnows killed at 24, 48, 72, and 96 hours. If a total
of 50 percent of the fathead minnows (5 in this case) are killed within
96 hours at 250 mg/L wastewater, the LC50 is 250 mg/L. According to the
regulations of the State of California, a water stream is considered to
be toxic when its LC50 is 500 mg/L. It should be noted that the control
sample is used to check whether the fathead minnows are healthy or not.
If more than 10 percent (one fish) dies in the control sample, the pure
water used to prepare the dilute wastewater has been contaminated and
should be changed.

Table 38 shows the toxicity test results of the feed solution and
wastewaters from second hydroblast washing of a ship boiler. The
results indicate that feed solution (S2) caused one fathead minnow to
die, but the highest mortality was only 2 dead at 750 mg/L wastewater
(S3) of 21 June 1990 sample. Thus, the feed solution, the wastewater
from the boiler, and the wastewater after settling and filtering (S6)
were all not toxic. Furthermore, the recycled wastewater (S6) did not
increase the toxicity over the feed solution (S2). Similar results were
obtained in Table 39. It shows that the wastewater from first
hydroblast washing of another boiler was not toxic either.

It is interesting to note that the hydroblasting wastewater is
still considered to be hazardous due to nitrite, heavy metals, and
suspended solids. Many state and local governments restrict the
discharge of hydroblasting wastewater into a sewer system or sanitation
plant.

Health Effect. It is important to analyze for heavy metals in the
wastewater which may adversely affect workers' health. As shown in
Table 35, concentrations of the heavy metals are very low.

The ability of a substance to cause damage to human beings is
through ingestion, inhalation, and absorption on the skin. The damage
depends on concentration of the substance and time of the human exposure
to it. When the operators involved in the hydroblasting and recycling
operations wear protective clothes and accessories and follow the safety
procedures given in above sections, the operations should not result i.
any health problems. Furthermore, the vapor pressures of the heavy
metals in the hydroblasting wastewater are so low that the operators
could not inhale enough to cause damage. If necessary, the operators
can take more frequent breaks. It is customary for operators to take a
short break after 3 - 4 hours of operation. Also, the jobs among the
unit operator, gun operator, and lance operator have been rotated during
each 12-hour shift. Consequently, the exposure of each lance operator
to hot water moisture inside the boiler is decreased to a minimum.

Detailed information on materials of a hazardous nature and
personal protection of the chemicals involved in hydroblasting
wastewater can be found from material safety data sheets (MSDS). The
MSDS are available from the chemical producers and/or safety offices in
Naval Shipyards.

56



Table 38

Toxicity Test

For Second Wash, Boiler-lA, USS DAhMGREN

Mortality

Sample Control 250 mg/L 750 mg/L

24 hours S2-2115-6/20 0 0 0
S3-2115-6/20 0 1 1

S3-2015-6/21 0 0 0

S6-2015-6/21 1 0 0

48 hours S2-2115-6/20 0 0 0
S3-2115-6/20 0 0 0

S3-2015-6/21 1 0 1
S6-2015-6/21 0 0 0

72 hours S2-2115-6/20 0 0 0

S3-2115-6/20 0 0 0

S3-2015-6/21 0 0 0

S6-2015-6/21 0 0 0

96 hours S2-2115-6/20 0 1 0

S3-2115-6/20 0 0 0

S3-2115-6/21 0 0 1
S6-2015-6/21 0 0 0

Total S2-2115-6/20 0 1 0

S3-2115-6/20 0 1 1

S3-2115-6/21 1 0 2

S6-2015-6/21 1 0 0

52 - Fresh feedwater solution with sodium nitrite mixture.
S3 - Wastewater before settling and filtration.

S6 - Wastewater after settling and filtration.
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Table 39

Toxicity Test

For First Wash, Boiler 2-B, USS DAHLGREN

Mcrtality

Sample Control 250 mg/L 750 mg/L

24 hours S2-1405-6/24 0 0 0
S3-1405-6/24 0 0 0
S3-1235-6/26 1 0 0
S7-1235-6/26 0 0 0

48 hours S2-1405-6/24 0 0 0
S3-1405-6/24 1 0 0
S3-1235-6/26 0 0 0
S7-1235-6/26 0 0 0

72 hours S2-1405-6/24 0 0 0
S3-1405-6/24 0 0 0
S3-1235-6/26 0 0 0
S7-1235-6/26 0 0 0

96 hours S2-1405-6/24 0 0 1
S3-1405-6/24 0 0 0
S3-1235-6/26 0 0 0
S7-1235-6/26 0 0 0

Total S2-1405-6/24 0 0 1
S3-1405-6/24 1 0 0

S3-1235-6/26 1 0 0
S7-1235-6/26 0 0 0

82 - Fresh feedwater solution with sodium nitrite.
S3 - Wastewater before settling and filtration.
S7 - Wastewater after settling and 10 micron filter.

58



ECONOMICS

Background of Disposal Cost for Hazardous Wastewater

There are often various disposal costs reported for same type of
hazardous wastewater (HWW). The variation in cost at different Navy
activities may arise from one or more of the following: (a) An activity
transports its HWW to another Navy activity for treatment; the former
considers only the transport expense as its disposal cost. (2) An
activity uses its existing facilities, such as IWIP, to treat an added
HWW, and it considers only the cost of the required chemicals for treat-
ment as the disposal cost of this added HWW. (3) An activity requests
DRMO to have contractors to dispose of its HWW. Some contractors per-
form appropriate pretreatment prior to discharge, while other contrac-
tors do not. (4) An activity that may not be aware of the hazardous
nature of a waste stream discharges directly to a sewer or receiving
water. (5) Some state and local governments have stricter discharge
limlts than others.

Currently there are different disposal costs for the water-jetting
(hydroblasting) wastewater. It should be noted that hydroblasting waste-
water is the main source of sodium nitrite wastewater which, in turn, is
the major stream of a ship's bilge wastewater. The bilge wastewater is
a conglomerate which contains heavy metals, oil, grease, suspended solids
and other toxic substances. This combined wastewater resists available
treatment method. During our site visit at Philadelphia NSY in June,
1990, the computer print-out sheets showed that the contractor's dis-
posal cost for the bilge wastewater was $6.00 per gallon when the con-
tractor determined the wastewater to be toxic, or $3.00 per gallon when
the contractor determined the wastewater to be only corrosive. During
our site visit at Long Beach NSY in February, 1988, the bilge wastewater
wis transported to Navy IWIP at San Diego. The transport expense of
$0.11 per gallon was quoted as the disposal cost. However, the Navy
IWIP at San Diego stopped accepting the hazardous wastewater from Long
Beach NSY in 1990. Consequently, the average disposal cost of the bilge
wastewater through DRMO in the nine months from January through September
1990 was $2.25 per gallon.

Recently, the Naval Surface Force, U.S. Atlantic Fleet (Ref 3),
quoted a price of $0.50 a gallon for treatment of the sodium nitrite
wastewater at Public Works Center (PWC) Norfolk. It is also the highest
price routinely used by COMNAVSURFLANT activities. Reference 3 further
indicates that there was no disposal/treatment cost associated with sodium
nitrite wastewater at PWC Mayport.

We know that sodium nitrite wastewater is a HWW. Many local
governments restrict the nitrite content to be discharged to sewer or
sanitation plant to 33 ppm (mg/L). The nitrite content in our sodium
nitrite wastewater is around 800 ppm. When a Navy activity discharges
the sodium nitrite wastewater without disposal/treatment cost, appar-
ently this HWW has been discharged without treatment. Sooner or later
that activity will be liable for the consequences.

We also know that most shore intermediate maintenance activities
(SIMA's) have not separated the hydroblasting wastewater from other
bilge wastes. Their current practice is to pump out the mixed waste
from ship and store in a donut. Usually the bilge and donut have
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already had various solvents, oils, greases, and heavy metals. The
combined wastestream easily becomes very toxic. Many local governments
and environmentalists have already had strong objection to the Navy's
donuts in harbors because very often the toxic wastes leak into the
harbors.

Currently, only Norfolk NSY can convert the sodium nitrite to
non-toxic components. We are not aware of any other shipyard, SIMA, or
contractor knowing how to destroy sodium nitrite followed by removal of
heavy metals and suspended solids. (NCEL is developing such an integral
process.)

We know that several Navy activities are going to replace sodium
nitrite with EDTA/hydrazine. We would like to offer a word of caution
here. EDTA stands for ethylenediamine tetraacetic acid. It is a color-
less crystalline organic chelating agent. EDTA binds to heavy metals
and makes them soluble. Chelated heavy metals cannot be removed by
precipitation by adjusting pH, which is the standard practice in the
Navy IWIP. In addition, hydrazine is highly toxic by ingestion, inhal-
ation, and skin absorption. Its tolerance in air is 1 ppm. The dis-
charge limit of total toxic organics in wastewater is 2.13 ppm set by
EPA. Thus, the substitution of these two chemicals may result in
adverse health effects for the water-jetting operators and a higher
disposal cost for the wastewater.

After considering all the facts and data, we decided to use $3.25
per gallon as an initial estimate for the disposal and associated log-
istics cost for hydroblasting wastewater mixed with bilge wastewater.
During the recycling tests, NCEL and certain Naval Shipyards initiated
the separation of hydroblasting wastewater from other bilge wastes. The
remaining hydroblasting wastewater (10 percent) after recycling will be
combined with two other sources of sodium nitrite wastewater and treated.
One source is from boiler lay-up and the other is from boiler hydrostatic
pressure testing. These two streams are separated from other bilge
wastes. This combined sodium nitrite wastewater is less contaminated
than the previous combined bilge wastewater; for this reason, we decided
to set the cost of disposai aL $2.0O per gallon to. these conditions.

Savings of Wastewater Disposal Cost at Naval Shipyards

There are about 25 ships overhauled annually at Naval Shipyards.
Each ship has an average of four boilers. Each medium size boiler has
1,700 tubes, which consume about 14,000 gallons of fresh feed solutions
for one hydroblast washing. Usually two washes are done in the overhaul-
ing period. The wastewater produced is:

25 ships 4 boilers 2 washes 14,000 gal = 2,800,000 gal/yrx x x 28000gly
yr ship boiler wash

As stated above, before NCEL started research and development on
recycling in FY88 (October 1987), the hydroblasting wastewater had been
mixed with other bilge wastes. The unit disposal cost by contractor
hauling was about $3.25/gal and the total disposal cost was
approximately $9 million/yr. After a reduction of 90 percent of the
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hydroblasting wastewater by recycling technique, only the remaining 10
percent is needed to be disposed of or hauled away. Since this
remaining wastewater has been separated from other bilge wastes, its
disposal and associated logistic cost should be cheaper, about
$2.00/gal. Therefore, the saving in wastewater disposal cost is
approximately $8 million/yr as follows:

2,800,000 galx 1 3.25 - 280,000 gal x $2.00 Z $8 million/yr

yr gal yr gal

Savings on Wastewater Disposal Cost Beyond Naval Shipyards

There are 150-200 Navy ships whose boilers are cleaned once
annually with hydroblast washing outside Naval Shipyards. The cleaning
operations are done by Shore Intermediate Maintenance Activities, tenders,
and ship onboard hydroblast units. Total wastewater produced is:

175 ships x 4 boilers 1 wash 14,000 gal = 9,800,000 gal/yr
yr ship boiler wash

If the NCEL developed recycling technology is adopted to all ships
in these instances, a savings around $30 million/yr can be realized:

9,800,000 gal x $3.25 - 980,000 gal x $2.00 z $30 million/yr

yr gal yr gal

Life Cycle Economics

This economic evaluation includes capital cost and operating cost
of the recycling process. These costs are expressed in terms of present
value cost (PVC) and savings at 10 percent annual discount rate over a
10-year life of the mobile recycling unit.

Capital Cost. Basis:

1. 250 steam boilers are to be cleaned with hydroblast once a

year.

2. Each boiler wash (cleaning) generates 14,000 gallons of
wastewater.

3. 50 mobile recycle units will be constructed.

It should be noted that although each recycling unit will be used
to do only fivn washes annually, at least 50 units are needed to station
strategically at different locations to meet the Navy-wide operations.
The capital cost of one recycling unit is as follows:
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One two-axle four-wheel trailer (6 tons) $3,800.00

Two 600-gal high-density polyethylene settling tanks 2,500.00

One copper-nickel shell tube heat exchanger 2,500.00

Three type 304 stainless steel filter housings 1,500.00

Three cartridge filter housings 500.00

One electric impeller pump 500.00

Two flow totalizers 300.00

Flow switches, flow meters, relays, and nitrite 700.00
monitor

Pressure gauges, temp. indicators, valves, and 700.00
filters

Subtotal 13,000.00

Installation (factor 50%) 6,500.00

Contingency (factor = 10%) 1,300.00

Total $20,800.00

Total capital cost of 50 recycling units = $1,040,000 = $1,040K

Operating Cost. Basis:

1. Unit labor cost = $36/man-hour.

2. Labor required for one boiler wash = 5 man-hours.

It should be noted that the effort to operate a recycling unit is
only to turn two valves on and off and change filters, then clean the
two settling tanks at the end of hydroblast washing. It can be accom-
plished with a total of 5 hours work by the hydroblast unit operator
during one boiler cleaning operation. The operating cost is as follows:

Labor cost (5 man-hours) $180.00
Maintenance 100.00
Utilities (electricity and cooling water) 40.00

Subtotal $320.00

The annual operating cost to recycle the hydroblasting wastewater
from 250 washes is:

250 washes $320 $80K
yr wash
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The cumulative discount factor (CDF) at 10 percent discount rate
for a 10-yr period is 6.447, hence the present value cost (PVC) of a
10-yr period is:

80K x 6.447 = $516K

The total PVC in a 10-yr economic life is:

capital cost + operating cost: 1,040K + 516K = $1,556K

Life Cycle Savings. Basis: (1) hydroblasting wastewater reduction

= 90 percent, and (2) unit disposal cost. without recycling = $3.25/gal.
The annual disposal cost of wastewater produced from 250 washes is:

250 washes 14,000_gal $3.25 $11,375K/yr
yr -wash gal ~ ,.Ky

PV of the disposal cost reduction at 90 percent. wastewater

reduction is:

11,375K x 0.9 x 6.447 = $66,OOOK

A PV savings in n 10-yr life is:

66,000K - 1,556K = $64.4 million

CONCLUSIONS

Based on the data and results of the three series of field tests as

well as safety procedures and economics analysis, we reached the
following conclus ions:

1. Three series of field tests were successfully conducted at
Norfolk Naval Shipyard. These tests resulted in 75, 90, and 92 percent

reductions of hydroblasting wastewater respectively. A 90 percent
reduction by 9 recycles was found to give optimum boiler tube cleaning

results.

2. The recycling process consists of wastewater collecting,
settling, filtering, reconditioning, nnd rouse.

3. The pil remained in a narrow range of 7.1 to 8.7 in fresh feed

solution and various stages of wastewater during recycling. This pit

range meets discharge limits to the sewer or public owned treatment
plant.

4. Oil and grease remained well below 100 mg/,. Consequently, no
pretreatment of oil and grease to the boiler wastewater is needed for
the recycling process.
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5. The suspended solid particles larger than 75 microns were
almost completely removed from wastewater after settling and filtering.

6. Sodium nitrite, a corrosion inhibitor, was not decreased during
recycling. Also, the nitrite was not oxidized to nitrate. This finding
simplified the reconditioning step, which was intended to replenish the
sodium nitrite concentration.

7. Most heavy metals in the boiler wastewater were significantly
reduced through settling and filtration. It appears that only copper
and lead in the final recycled wastewater exceeded the discharge limits
to a sewer or public owned treatment plant.

8. Detailed test and safety procedures for recycling of
hydroblasting wastewater have been prepared. These procedures were used
in the three series of field tests and will be augmented for future
implementation tests.

9. The fresh feed solution and hydroblasting wastewaters at
various stages (from boiler, settlement, and filtration) were examined
using standard 96-hour toxicity tests and found to be nontoxic.
However, the wastewaters are classified as hazardous due to sodium
nitrite, heavy metals, and suspended solids.

10. There are 2.8 million gal/yr of hydroblasting wastewater
produced at Naval Shipyards. The hydroblasting wastewater had been
mixed with bilge wastes before NCEL started R&D work in 1987 resulting
in a disposal cost of about $3.25/gal. After a 90 percent reduction of
the wastewater using the recycling technology, the remaining 10 percent,
segregated from cther bilge wastes, will be disposed with two other
boiler (sodium nitrite) waste streams at a cost of about $2.0/gal.
Consequently, the total savings in wastewater disposal costs at Naval
Shipyards would be approximately $8 million/yr.

11. There are 9.8 million gal/yr of hydroblasting wastewater
produced at Navy facilities outside Naval Shipyards for Navy ships. If
NCEL's recycling technology is adapted to all such ships, an additional
savings on wastewater disposal cost of approximately $30 million/yr can
be realized.

12. An economic evaluation of the recycling process is also made
for the 10-yr life cycle. It is intended to conduct 250 boiler washes
annually using 50 mobile recycling units. The present value saving at a
10 percent discount rate is $64 million for the 10-yr economic life.
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RECOMENDATIONS

The following additional work is recommended:

1. Design and construct a mobile recycling unit to encompass all
the components used in the three. series of field tests. A mobile unit
can extend the usefulness and applications of the recycling technology
more widely and economically.*

2. Conduct an implementation test, with the above mobile recycling
unit at a Naval Shipyard. The implementation test should be done
jointly with NAVSSES, NEESA, and the shipyards which have a Navy ship
requiring hydroblast cleaning of steam boilers.*

3. Prepare User's Data Package (UDP). It should not only follow
NAVFAC guidelines but Also meet NAVSSES requirements.

REFERENCES

1. Naval Civil Engine,ring Laboratory. Memorandum to files on the
initial feasibility study on recycling of hydroblasting wastewater, by
Bingham Y.K. Pai, Port lhnnomo, CA, Feb 1989.

2. Naval Sea Systems Command. Naval Ships' Technical Manual,
S9086-GY-STM-00, Chapter 221, First Revision, Oct 1987,
Philadelphia, PA.

3. Naval Surface Force, U.S. Atlantic Fleet. ltr 4700 Ser N42/01567 of
4 Feb 1991.

NOMENCLATURE

CDF Cumu 1 tivo discomiI factor

DRMO Defense Reutiliziat ion, and Marketing Office

EPA Environmental Prot er~tin Agency

gpm Gallons per minutr.

IfWW lazardous wastewntor

*Three mobile recycling units have been designed and constructed with
an enhanced 2-tank settling design and automated water delivery by
NCEL in 1990. The technology transfer and implementation tests will
be Included in the forthcoming UWP.
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LBNSY Long Beach Naval Shipyard

mg/L Milligram per liter

ml Milliliter

MSDS Material Safety Data Sheet

NAVSSES Naval Ship Systems Engineering Station

NCEL Naval Civil Engineering Laboratory

NEESA Naval Energy and Environmental Support Activity

NNSY Norfolk Naval Shipyard

PVC Present value cost

PWC Public Works Center

SIMA Shore Intermediate Maintenance Activity

TDS Total dissolved solids

TSS Total suspended solids

UDP User's Data Package
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Appendix

TEST AND SAFETY PROCEDURES FOR RECYCLING OF HYDROBLASTING
WASTEWATER EXPERIMENTS AT NAVY SHIPYARDS*

April 1989 - September 1990

by

Raymond J. Cappillino

Brian E. Swaidan

Naval Civil Engineering Laboratory
Port Hueneme, CA 93043

*The test and safety procedures were approved by NCEL safety officer.
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DESCRIPTION OF EXPERIMENT

This recycling experiment will be conducted aboard a ship or pier.
The purpose is to evaluate the reduction of hydroblasting wastewater
using recycling technique during hydroblast cleaning operations. The
hydroblasting (water jetting) ,,perations remove soft scale and debris
from internal boiler surfaces with 1 pound sodium-nitrite in 100 gallons
of potable water that is pressurized to 10,000 psi and directed against
the tube surface through specially designed nozzles. The wastewater
resulting from this operation (because of the sodium nitrite, suspended
solids, and heavy metals) must be disposed of as hazardous material.
The development of an acceptable recycling process is needed to signif-
icantly reduce the volume of the wastewater.

To carry out these experiments, the hydroblasting wastewater will
be collected separately and accumulated in a 600- to 2500-gallon
settling tank. The wastewater is then pumped through a filter assembly,
replenished with sodium nitrite if necessary, and sent back into the
ship's boiler via the hydroblast unit. Pressure and fluid flow measure-
ments will be recorded, freshwater and wastewater samples will be
collected for analysis, and solid samples will be taken from the filter
for analysis. Expected duration of each test will be 36 to 60 hours,
barring unforeseen delays and interruptions in boiler cleaning operations.

OPERATIONAL TEST PROCEDURE

Pre-Test Operations

1. Assemble test apparatus including filter assemblies, valves,
pressure gauge, etc.

2. Assemble the following safety items for use at the test site:

a. Hard hats

b. Safety goggles, safety glasses, and ear plugs

c. Rubber mat for base of electric motor

d. Neoprene coated gloves

e. Safety shoes

f. Work gloves

3. Assemble a.1 transport the following supplies and equipment to
the test site:

a. Test fixture

b. Primary and alternate pumps

A-2



c. Ice chest and sample bottles for water samples

d. Replacement filters

e. 50-ft electrical extension cord and pump switch

f. Camera (pass required)

g. Zip-lock bags for used filters

h. Small tool chest and tool-carrying bag

i. Bucket for pump priming

Site Set-up Operations

1. The on-site supervisor shall survey the site and conduct a
safety meeting covering on-site safety with all the personnel involved.
Items of discussion shall include vehicular traffic, cranes, and other
operating equipment, any other potential safety hazard and standard
operating procedures in case of any emergencies.

2. Arrive one day early to set-up and check out system for proper
operation. If possible, use an out-of-the-way space in the boiler room
or on the pier (will depend on working/crowding conditions) but as close
to the wastewater supply as possible.

3. Determine ship, shipyard and/or station procedures for
emergency situations; then determine what response will be for those
situations. Record these procedures and instructions on final page of
these instructions.

4. Secure a source of freshwater in the proximity of the test
site. Have available a minimum 50 foot length of garden hose and bucket
for priming the pump.

5. Place the pump and motor assembly on a rubber mat. Also,
provide a rubber mat upon which personnel who may come in contact with
the pump stand. It should not, normally, be necessary for personnel to
touch the pump while it is operating. But in the event that there is
some reason to do this, the operator should ensure that he is standing
on the rubber mat provided and that he uses only one hand for making
adjustments (one hand in pocket). Do not allow water to accumulate
around the pump or on the surrounding deck. Ensure that the motor
shut-down switch is easily accessible (elevated but close to the test
apparatus) and safe from electric shock (water-resistant and
well-grounded). When aboard ship before energizing pump circuit, have
either the ship's or shipyard electrical hazard safety team approve the
installation.
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6. Assemble test apparatus with bag filter in filter housing. Use
see-through hoses for suction side and for section connecting pump to
test apparatus. (This will allow for easy detection of air leakage on
suction side of pump).

7. Check pump operation. Start pump and initiate pump priming
using water from garden hose; then begin drawing water from bucket.
Verify proper operation by ensuring that there are no air or water
leaks. Presence of air bubbles may substantially reduce capacity of
pump. If someone should come into contact with a live electrical
circuit s de-energize that circuit before touching that individual.

8. Carry a small tool bag. Do not leave tools unattended or
scattered on site. Take all tools with you when leaving the test site.

9. Have an ice chest with sufficient ice available for storing
water samples until they can be delivered to the testing laboratory for
analysis.

10. Assemble and label water sample bottles.

Test Operations

1. One operator must remain with test equipment at all times while
the pump is running. This is to ensure proper operation of test system
and to prevent hazard to personnel or damage to equipment in the event
of a malfunction.

2. Allow the hydroblasting process to proceed for an hour or so
before starting the recycling test. This will ensure that a
steady-state condition has been reached.

3. When sufficient wastewater is available, prime the pump and
initiate water flow through test equipment. Set flow rate at 8 - 10 GPM
or just slightly less than the average rate of generation of hydroblast
effluent. Measure flow rate with stop watch and GPM integrating flow
meter. Maintain const,,nt flow rate by adjusting the control valve
setting for as long as possible.

4. When test is underway, a set of three bottles are needed to
collect wastewater samples at six sample ports. Two bottles with a few
drops of concentrated nitric acid are for preservation of oil and grease
or metals respectively. The third bottle without nitric acid is for the
analysis of pH, total solids, nitrite, and nitrate. The six sample
ports are:

a. Potable (pier) water.

b. Pier water with nitrite added before entering boiler.

c. Hydroblast wastewater before entering settling tank.
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d. Hydroblasting wastewater after leaving settling tank and
before entering the first filter.

e. Hydroblasting wastewater between the first and second
filirs.

f. Hydroblasting wastewater after the second filter.

5. Observe turbidity of wastewater. (Turbidity refers to the
degree of particulate suspension within the wastewater). Highly turbid
wastewater will quickly cause filter obstruction with particulate matter
(see Step 7 below).

6. Monitor performance of test apparatus.

a. Measure and record flow rate every 30 minutes. A
lower-than-expected flow, such as 10 GPM, may result from either:
(1) loss of pump suction, or (2) increasing pressure drop across the
filter. To correct the former, ensure that adequate pump suction is
being maintained (i.e., eliminate air leaks on the suction side of the
pump). To correct the latter change the filter according to step 7
below.

b. Measure and record pressure differential every 30 minutes.

c. Measure and record pressures every 30 minutes.

d. Ensure adequate supply of wastewater. If wastewater level
is reduced to the point that pump suction may be lost, shut filter inlet
valve and shut pump off to avoid damage to pump's water-cooled bearings.

7. Monitor the differential pressure across the filter. An
increase (at constant flow-rate) indicates the accumulation of solids
within the filter. (The rate-of-change of this differential pressure
will vary with wastewater turbidity).

a. If the solids in the filter accumulate at a high rate and
the flow rate decreases to 5 GPM within 2 hours, obtain a sample before
and a sample after filter changes and switch to a clear set of filters.
These are single bottle samples with no acid. Replace the used filters
with clean ones. Store these used filters containing the solid
particulates in a zip-lock bag. The samples will be analyzed for both
quantity of solids and for particle size distribution.

b. If the solids in the filter accumulate slowly, continue the
test until 8 hours of pumping time have elapsed or until a total of 5000
gallons have been processed.

8. On completion of the recycling test in conjunction with one
shift of hydroblast washing of ship boiler tubes (usually 10-12 hours),
thoroughly wash skin.
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9. Disassemble test equipment. Transfer to Naval Shipyard or
transport back to NCEL. Deliver water sample bottles to the shipyard's
chemical laboratory and collected solid residues to NCEL for analyses.

TASK HAZARD ANALYSIS

Expected Personnel Hazards

The field test personnel will be working on the pier or aboard a
ship in a confined space and in the presence of ship's working
personnel. Thus, the test personnel may have to contend with low
overhead clearances, noise, and protruding pipes and cables in addition
to the other hazards normally associated with ship's repair work in
progress. Of special concern will be the hazard of electrical shock due
to the presence of water.

Personnel Safety Precautions

Personnel operating the test apparatus are to follow the safety
procedures outlined below:

1. Hard hats, safety glasses, and Eafety shoes are required for
operations pierside or aboard ship under repair.

2. Ear plugs and safety goggles will be available. Use of ear
plugs is discretionary

3. Some of the sample bottles will have a small quantity of
sulfuric or nitric acid to preserve the chemical species in the waste-
water. Neoprene gloves and safety goggles must be worn when handling
these bottles. (The bottles may leak so that there may be traces of
acid on the outside of the bottle). If acid should get on the skin,
immediately flush with water for several minutel and report to the
dispensary. Contact of acid with skin is indicated by a stinging
sensation and a yellowing of the skin. Acid in the eyes is very
serious. Copious flushing of the eyes with water is required,
followed by the immediate attention of a doctor.

4. Isolate the pump and motor assembly from the ship's deck by
placing it on a rubber mat. Do not allow water to accumulate around the
pump or on the surrounding deck. Ensure that the motor shut-down switch
is easily accessible and safe from electric shock.

5. Do not allow power cords to lie on the ship's deck or the
ground because of the potential presence of water. If it is on pier,
use 2 x 4's or similar dry wood where/if power cord suspension is
impractical.

6. Working quarters may be limited and possibly crowded. Be
courteous and cooperative.
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7. Thoroughly wash skin after 8 hours of exposure to sodium
nitrite solution.

8. Do not work in a situation or perform tasks for which you feel
the hazards have not been adequately defined or for which adequate steps

in safety have not been taken. Bring unsafe conditions to the attention
of the project leader, your supervisor, or as appropriate, ship or
shipyard personnel for correction.

9. In an emergency situation, all personnel shall take appropriate
action. In a nonemergency situation, the on-site supervisor will
determine the appropriate course of action. He shall then report injury
to the nearest Navy dispensary and notify all division directors
concerned. The on site supervisor shall be responsible for generating
all safety related documents.

EMERGENCY RESPONSES

Emergency Medical - Electric shock

- Acid burns

- Eye wash

- First Aid Kit

Dispensary

Fire

A-7



DISTRIBUTION LIST

92 CES / DEEE, FAIRCHILD AFB, WA
A. TEICHERT & SON, INC / B.T. JOHNSON, SACRAMENTO, CA
ACEC RESEARCH / A.J. WILLMAN, WASHINGTON, DC
ADMINSUPU / PWO, BAHRAIN, FPO NEW YORK,
AF / 92D CES/DEMC, FAIRCHILD AFB, WA; AFSC/DEEE, WASHINGTON, DC; MO ANG,

231 CEF/DED (SCHMEDAKE), BRIDGETON, MO
AF HQ / ESD/AVDS, HANSCOM AFB, MA
AFB / 42 CES/DEMU (DRESCHSEL), LORING AFB, ME; 82ND ABG/DEMCA, WILLIAMS

AFB, AZ
AFESC / DEB, TYNDALL AFB, FL
AFIT / DET, WRIGHT PATTERSON AFB, OH; DEV, WRIGHT PATTERSON AFB, OH
AMERICAN SYS ENGRG CORP / M. VIOLANTE, VIRGINIA BEACH, VA
ANTARCTIC / STAFFO, ALEXANDRIA, VA
ARMSTRONG, W. / MYSTIC, CT
ARMY / ENGR CEN, ATSE-DAC-LC, FORT LEONARD WOOD, MO; KWAJALEIN ATOLL,

CSSD-LA-LT, APO SAN FRANCISCO; POJED-O, APO SAN FRANCISCO
ARMY CECOM R&D TECH LIBRARY / ASNC-ELC-I-T, FORT MONMOUTH, NJ
ARMY CERL / LIB, CHAMPAIGN, IL
ARMY CRREL / CRREL-IC, HANOVER, NH; ISKANDAR, HANOVER, NH
ARMY DEPOT / LETTERKENNY, SDSLE-EN, CHAMBERSBURG, PA; SDSNC-T-MOD-E, NEW

CUMBERLAND, PA
ARMY EHA / HSE-RP-HG, ABERDEEN PROVING GROUND, MD; HSHB-EA-S, ABERDEEN

PROVING GROUND, MD; W630, ABERDEEN PROVING GROUND, MD
ARMY ENGRG DIST / LIB, PORTLAND, OR; LIB, PHILADELPHIA, PA;

SAMEN-DS/DAVIS, MOBILE, AL; ED-SY (LOYD), HUNTSVILLE, AL
ARMY EWES / LIB, VICKSBURG, MS
ARMY HHC / LEO ROSS, PE, APO NEW YORK,
ARMY MMRC / DRXMR-SM (LENOE), WATERTOWN, MA
ARVID GRANT & ASSOC / OLYMPIA, WA
ASSOCIATED SCIENTISTS / MCCOY, WOODS ROLE, MA
AWWA RSCH FOUNDATION / JO CATLIN, DENVER, CO
BABCOCK & WILCOX CO / TECH LIB, BARBERTON, OH
BATTELLE NEW ENGLAND MARINE RSCH LAB / LIB, DUXBURY, MA
BECHTEL CIVIL, INC / K. MARK, SAN FRANCISCO, CA
BRITISH EMBASSY / SCI & TECH DEPT (WILKINS), WASHINGTON, DC
BUREAU OF RECLAMATION / D-1512 (GS DEPUY), DENVER, CO
CALIFORNIA / FISH & GAME DEPT, LONG BEACH, CA; NAV & OCEAN DEV

(ARMSTRONG), SACRAMENTO, CA
CALIFORNIA INST OF TECH / ENVIRON ENGRG LIB, PASADENA, CA
CBC / CODE 155, PORT HUENEME, CA; CODE 430, GULFPORT, MS; CODE 84, PORT

HUENEME, CA; PWO (CODE 400), GULFPORT, MS; 401, OIC, GREAT LAKES, IL
CHEM CORP / DEARBORN CHEM DIV LIB, LAKE ZURICH, IL
CHESNAVFACENGCOM / CODE 114.1, WASHINGTON, DC
CITY OF AUSTIN / GEN SVCS DEPT (ARNOLD), AUSTIN, TX
CITY OF EAST LANSING / N. KING, EAST LANSING, MI
CITY OF LIVERMORE / DACKINS, PE, LIVERMORE, CA
CITY OF SANTA MARIA / MIDDLETON, SANTA MARIA, CA
COGUARD / SUPERINTENDENT, NEW LONDON, CT
COLLEGE OF ENGINEERING / CE DEPT (AKINMUSURU), SOUTHFIELD, MI
COLUMBIA GULF TRANSMISSION CO / ENGRG LIB, HOUSTON, TX



COM GEN FMF / PAC, SCIAD (G5), CAMP HM SMITH, HI
COMDT COGUARD / G-ECV, WASHINGTON, DC
COMNAVLOGPAC / CODE 4318, PEARL HARBOR, HI
COMSC / N7, WASHINGTON, DC
COMSUBPAC / CODE 541, SCE, PEARL HARBOR, HI
CONSTRUCTION TECH LABS, INC / G. CORLEY, SKOKIE, IL
CORRIGAN, LCDR S. / USN, CEC, POINT MUGU, CA
DAMES & MOORE / LIB, LOS ANGELES, CA
DAVY DRAVO / WRIGHT, PITTSBURG, PA
DAY ZIMMERMAN/BASIL CORP / FITZGERALD, HAWTHORNE, NV
DEFENSE DEPOT / PWO, OGDEN, UT
DELAWARE / PUBLIC SAFETY DEPT, DELAWARE CITY, DE
DEPT OF LABOR / JOB CORPS, (MANN), IMPERIAL BEACH, CA
DFSC / F, ALEXANDRIA, VA
DTRCEN / CODE 284, ANNAPOLIS, MD; CODE 4111, BETHESDA, MD
DURLACH, O'NEAL, JENKINS & ASSOC / COLUMBIA, SC
ESSM / WHSE 12 (BOWMAN), WILLIAMSBURG, VA
FCTC / LANT, CODE 182, VIRGINIA BEACH, VA
FLORIDA INST OF TECH / CE DEPT (KALAJIAN), MELBOURNE, FL
GARD INC / L B HOLMES, NILES, IL
GEI CONSULTANTS, INC. / T.C. DUNN, WINCHESTER, MA
GENERAL DYNAMICS / D-443 (LEONE), GROTON, CT
GEOTECHNICAL ENGRS, INC / MURDOCK, WINCHESTER, MA
GLIDDEN CO / RSCH LIB, STRONGSVILLE, OH
GOLDER ASSOC / BRUMUND, ATLANTA, GA
GSA / CODE PCDP, WASHINGTON, DC
HARBOR BRANCH OCEANOGRAPHIS INSTITUTION / WANG, FORT PIERCE, FL
HARTER, J.V. / METAIRIE, LA
HARTFORD STEAM BOILER INSP & INS CO / SPINELLI, HARTFORD, CT
HQ AFLC / DEMM, WRIGHT PATTERSON AFB, OH
INST OF MARINE SCIENCES / DIR, MOREHEAD CITY, NC
INTL MARITIME, INC / D. WALSH, SAN PEDRO, CA
KAISER PERMANENTE MEDCIAL CARE PROGRAM / OAKLAND, CA
KATSURA CONSULTING ENGRS / Y. KATSURA, VENTURA, CA
KLIEGER, PAUL / CE, NORTHBROOK, IL
LEHIGH UNIV / CE DEPT, HYDRAULICS LAB, BETILLEHAM, PA
MARCORBASE / BASE MAINT DEPT, CAMP LEJEUNE, NC; CODE 405, CAMP LEJEUNE,

NC; CODE 406, CAMP LEJEUNE, NC; ENV PROT SPEC, CAMP PENDLETON, CA;
FACILITIES COORDINATOR, CAMP PENDLETON, CA

MARITECH ENGRG / DONOGHUE, AUSTIN, TX
MARITIME ADMIN / MMA, LIB, KINGS POINT, NY
MATRECON, INC / H. HAXO, ALAMEDA, CA
MC CLELLAND ENGRS, INC / LIB, HOUSTON, TX
MCAF / CODE C144, QUANTICO, VA
MCAS / EL TORO, CODE 1JD, SANTA ANA, CA
MCLB / CODE 506, ALBANY, GA; CODE 555, ALBANY, GA
MCRDAC / M & L DIV, QUANTICO, VA; NSAP REP, QUANTICO, VA
MIT / CE DEPT (HARLEMAN), CAMBRIDGE, MA; R.V. WHITMAN, CAMBRIDGE, MA
NAF / ENGRG DIV, PWD, FPO SEATTLE; PWO, FPO SEATTLE; PWO, FPO SAN

FRANCISCO; SO, EL CENTRO, CA
NALF / OIC, SAN DIEGO, CA



NAS / CODE 110, FPO SEATTLE; CODE 163, KEFLAVIK, ICELAND, FPO NEW YORK;
CODE 18300, LEMOORE, CA; CODE 187, JACKSONVILLE, FL; CODE 421, SAN
DIEGO, CA; CODE 504, SAN DIEGO, CA; CODE 721, NEW ORLEANS, LA; CODE
83, PATUXENT RIVER, MD; DIR, ENGRG DIV, MERIDIAN, MS; KOBAYASHI, CODE
703, LONG BEACH, CA; MIRAMAR, CODE 1821A, SAN DIEGO, CA; MIRAMAR, PWO,
SAN DIEGO, CA; P&E SUPR, FPO SEATTLE; PW ENGRG, PATUXENT RIVER, MD;
PWD MAINT DIV, NEW ORLEANS, LA; PWO, MOFFETT FIELD, CA; PWO, MERIDIAN,
MS; PWO, SIGONELLA, ITALY, FPO NEW YORK; SCE, FPO SAN FRANCISCO; SCE,
NORFOLK, VA; WHIDBEY IS, PWE, OAK HARBOR, WA; WHITING FLD, PWO,
MILTON, FL; WPNS OFFR, ALAMEDA, CA

NAS NPWC / CODE 102 (J. ARESTO), SAN DIEGO, CA
NATL ACADEMY OF ENGRY / ALEXANDRIA, VA
NAVAIRDEVCEN / CODE 832, WARMINSTER, PA
NAVAIRENGCEN / CODE 18232 (COLLIER), LAKEHURST, NJ
NAVAIRPROPCEN / CODE PW-3, TRENTON, NJ
NAVAL ED & TRAIN CEN / UTIL DIR, NEWPORT, RI
NAVAUDSVCHQ / DIR, FALLS CHURCH, VA
NAVAVIONICCEN / CODE D-701, INDIANAPOLIS, IN; PWO, INDIANAPOLIS, IN
NAVAVNDEPOT / CODE 011, NORFOLK, VA; CODE 61000, CHERRY POINT, NC
NAVCAMS / WESTPAC, SCE, FPO SAN FRANCISCO
NAVCOASTSYSCEN / CODE 423, PANAMA CITY, FL
NAVCOMMSTA / PWO, THURSO, UK, FPO NEW YORK
NAVCONSTRACEN / CODE D2A, PORT HUENEME, CA; CODE S24, GULFPORT, MS
NAVDIVESALVTRACEN / CO, PANAMA CITY, FL
NAVENVIRHLTHCEN / CODE 42, NORFOLK, VA
NAVFAC / N62, ARGENTINA, NF, FPO NEW YORK
NAVFACENGCOM / CODE 04A3, ALEXANDRIA, VA; CODE 04A3C, ALEXANDRIA, VA;

CODE 04A4E, ALEXANDRIA, VA; CODE 051A, ALEXANDRIA, VA; CODE 083,
ALEXANDRIA, VA; CODE 183 (GEBHART), ALEXANDRIA, VA

NAVFACENGCOM CHESDIV / CODE 04, WASHINGTON, DC; YACHNIS, WASHINGTON, DC
NAVFACENGCOM CONTRACTS / CODE 922, EVERET, WA; ROICC, POINT MUGU, CA;

ROICC, SANTA ANA, CA; ROICC, TWENTYNINE PALMS, CA
NAVFACENGCOM LANTDIV / BR OFC, DIR, NAPLES, ITALY, FPO NEW YORK; CODE

1632, NORFOLK, VA; CODE 405, NORFOLK, VA
NAVFACENGCOM NORTHDIV / CO, PHILADELPHIA, PA; CO, PHILADELPHIA, PA; CODE

202.2, PHILADELPHIA, PA
NAVFACENGCOM SOUTHDIV / CODE 04A3, CHARLESTON, SC
NAVFACENGCOM SOUTHWESTDIV / CODE 101.1, SAN DIEGO, CA; CODE 1812, SAN

DIEGO, CA
NAVFACENGCOM WESTDIV / CODE 102, SAN BRUNO, CA; CODE 1833, SAN BRUNO,

CA; PAC NW BR OFFC, CODE C/42, SILVERDALE, WA; ROICC, SILVERDALE, WA
NAVHOSP / SCE, NEWPORT, RI
NAVMAG / CODE 09, LUALUALEI, HI; SCE, FPO SAN FRANCISCO
NAVMEDCLINIC / HEAD, INDUST HYGIENE DIV, PEARL HARBOR, HI
NAVMEDCOM / NWREG, FAC ENGR, PWD, OAKLAND, CA
NAVMEDRSCHINSTITUTE / CODE 47, BETHESDA, MD
NAVOCEANO / LIB, NSTL, MS
NAVOCEANSYSCEN / CODE 94, SAN DIEGO, CA
NAVORDMISTESTSTA / CODE 40, WHITE SANDS MISSILE RANGE, NM
NAVORDSTA / INDIAN HEAD DET, MCALESTER, OK; PWO, LOUISVILLE, KY
NAVPETOFF / SEC OFFR (CODE 20), ALEXANDRIA, VA
NAVPGSCOL / E. THORNTON, MONTEREY, CA



NAVPWC / TAYLOR, PENSACOLA, FL
NAVSCOLCECOFF / CODE C35, PORT HUENEME, CA
NAVSCSCOL / PWO, ATHENS, GA
NAVSEA DET / NISMF PEARL HARBOR, WAIPAHU, HI
NAVSEASYSCOM / CODE 05M3, WASHINGTON, DC
NAVSECGRU / CODE G43, WASHINGTON, DC
NAVSECGRUACT / CO, FPO MIAMI; CODE 31 PWO, FPO MIAMI; PWO (CODE 40),
EDZELL, SCOTLAND, FPO NEW YORK

NAVSECSTA / CODE 60, WASHINGTON, DC; CODE N70, WASHINGTON, DC
NAVSHIPREPFAC / SCE, FPO SAN FRANCISCO
NAVSHIPYD / CODE 106.4 STARYNSKI, PHILADELPHIA, PA; CODE 202.5 LIB,

BREMERTON, WA; CODE 308.3, PEARL HARBOR, HI; CODE 443, BREMERTON, WA;
CODE 450, BREMERTON, WA; MARE IS, CODE 440, VALLEJO, CA; SCE (CODE
308.2), PEARL HARBOR, HI; TECH LIB, PORTSMOUTH, NH

NAVSTA / CODE ODA2, SAN DIEGO, CA; CODE 423, NORFOLK, VA; DIR, ENGR DIV,
PWD, GUANTANAMO BAY, CUBA, FPO NEW YORK; PWO, ROTA, SPAIN, FPO NEW
YORK; SO, FPO SAN FRANCISCO; TREASURE IS, SO, SAN FRANCISCO, CA; UTIL
ENGRG OFFR, ROTA, SPAIN, FPO NEW YORK

NAVSUICEN / CODE 700A.1, NORFOLK, VA
NAVSUPPACT / PWO, NAPLES, ITALY, FPO NEW YORK,
NAVSUPPO / SEC OFFR, LA MADDALENA, ITALY, FPO NEW YORK,
NAVSWC / CODE C83, DAHLGREN, VA; CODE W42 (GS HAGA), DAHLGREN, VA; DET,
WHITE OAK LAB, CODE W50, SILVER SPRING, MD; DET, WHITE OAK LAB, PWO,
SILVER SPRING, MD; PWO, DAHLGREN, VA

NAVTRASTA / PWO, ORLANDO, FL
NAVWPNCEN / CODE 24, CHINA LAKE, CA; CODE 2637, CHINA LAKE, CA
NAVWPNSTA / CODE 092, SEAL BEACH, CA; CODE 092, CONCORD, CA; PWO,
YORKTOWN, VA; CODE 092, COLTS NECK, NJ

NAVWPNSUPPCEN / CODE 095, CRANE, IN
NCR / 20, CODE R70, GULFPORT, MS
NCTC / CO, PORT HUENEME, CA; CODE B-I, PORT HUFM CA
NE OHIO REG SEWER DIST / BLDG MAINT (SCHERMA), OGA HEIGHTS, OH
NEESA / CODE 113M, PORT HUENEME, CA
NIEDORODA, AW / GAINESVILLE, FL
NIST / BLDG TECH, MCKNIGHT, GAITHERSBURG, MD
NMCB / 40, CO, FPO SAN FRANCISCO
NOAA / DIR, PAC MARINE CEN, SEATTLE, WA
NOARL / CODE 440, NSTL, MS
NORDA / CODE 1121SP, NSTL, MS; CODE 352, NSTL, MS; CODE 440, NSTL, MS
NORTHDIV CONTRACTS OFFICE / ROICC, PORTSMOUTH, NH
NORTHWEST ENGRG CO / GRIMM, BELLEVUE, WA
NRL / CODE 2511, WASHINGTON, DC; CODE 2530.1, WASHINGTON, DC; CODE 6123,
WASHINGTON, DC

NSC / CODE 02, PEARL HARBOR, HI; CODE 43, OAKLAND, CA; CODE 70, OAKLAND, CA
NUSC DET / CODE 0261, NEW LONDON, CT; CODE 52, NEW LONDON, CT; CODE 5202

(SCHADY), NEW LONDON, CT; PWO, NEW LONDON, CT
OAS / MCCONAHY, ARLINGTON, VA
OREGON STATE UNIV / CE DEPT (YIM), CORVALLIS, OR
PACIFIC GROVE FIRE DEPT / RESCUE PATROL (HUGHES), PACIFIC GROVE, CA
PACIFIC MARINE TECH / M. WAGNER, DUVALL, WA
PAULI, DC / SILVER SPRING, MD
PHILADELPHIA ELEC CO / E. D. FREAS, WEST CHESTER, PA



PIKE, L / SAN ANTONIO, TX
PILE BUCK, INC / SHOOT, JUPITER, FL
PMTC / CODE 5054, POINT MUGU, CA
PODELL, H.I. / NEW ROCHELLE, NY
PWC / ACE OFFICE, NORFOLK, VA; CO, OAKLAND, CA; CODE 101, GREAT LAKES,

IL; CODE 1013, OAKLAND, CA; CODE 110, OAKLAND, CA; CODE 420, OAKLAND,
CA; CODE 421 (KAYA), PEARL HARBOR, HI; CODE 421 (KIMURA), PEARL
HARBOR, HI; CODE 421 (REYNOLDS), SAN DIEGO, CA; CODE 4450A (T. RAMON),
PENSACOLA, FL; CODE 500, SAN DIEGO, CA; CODE 505A, OAKLAND, CA

PWD / ENGR DIRECTOR, CORPUS CHRISTI, TX
SARGENT & HERKES, INC / JP PIERCE, JR, NEW ORLEANS, LA
SCRIPPS INST OF OCEANOGRAPHY / LIB, LA JOLLA, CA
SEATTLE PORT / DAVE VAN VLEET, SEATTLE, WA
SEATTLE UNIV / CE DEPT (SCHWAEGLER), SEATTLE, WA
SHANNON & WILSON, INC / LIB, SEATTLE, WA
SMELSER, D / SEVIERVILLE, TN
SPCC / CODE 082, MECHANICSBURG, PA
STATE UNIV OF NEW YORK / CE DEPT, BUFFALO, NY
SUBASE / SCE, PEARL HARBOR, HI
SURFACE COMBUSTION / V.R. DAIGAN, MAUMEE, OH
TECHNOLOGY UTILIZATION / K WILLINGER, WASHINGTON, DC
TEXAS A&i UNIV / CE DEPT (HERBICH), COLLEGE STATION, TX; CE DEPT (SNOW),

COLLEGE STATION, TX; ENERGY TRNG DIV (DONALDSON), HOUSTON, TX; OCEAN
ENGR PROJ, COLLEGE STATION, TX

TEXAS ENERGY ENGRS, INC / JA NICKERSON, HOUSTON, TX
THE KLING-LINDQUIST, INC / RADWAN, PHILADELPHIA, PA
TRASH RECOVERY & SCIENTIFIC HEAT / LARGE, DELEON, TX
TREMCO, INC / M. RAYMOND, CLEVELAND, OH
UNITED TECHNOLOGIES / LIB, WINDSOR LOCKS, CT
UNIV OF PENNSYLVANIA / INST ENVIRON MEDICINE, PHILADELPHIA, PA
UNIV OF RHODE ISLAND / DR. VEYERA, KINGSTON, RI
UNIV OF TENNESSEE / CE DEPT (KANE), KNOXVILLE, TN
UNIV OF TEXAS / CONSTRUCTION INDUSTRY INST, AUSTIN, TX
UNIV OF WASHINGTON / ENGRG COL (CARLSON), SEATTLE, WA
US DEPT OF HHS / FDA (FISHERY RSCH BR), DAUPHIN ISLAND, AL
US DEPT OF INTERIOR / BLM, ENGRG DIV (730), WASHINGTON, DC; NATL PARK

SVE, RMR/ME, DENVER, CO
US GEOLOGICAL SURVEY / J BALES, RALEIGH, NC; MARINE GEOLOGICAL OFFC,
RESTON, VA

USDA / FOR SVC, EQUIP DEV CEN, SAN DTMAS, CA
USNA / SYS ENGRG, ANNAPOLIS, MD
VEDA / SUTTON, OAKLAND, CA
VENTURA COUNTY / DEPUTY PW DIR, VENTURA, CA; PWA (BROWNIE), VENTURA, CA
VIATEUR DE CHAMPLAIN / INST OF MARITIME ENGRG, MATANE, QUEBEC
VSE / OCEAN ENGRG GROUP (MURTON), ALEXANDRIA, VA
WASTE-TECH SVCS / ENVIRON DIR (COOPER), GOLDEN, CO
WESTERN ARCHEOLOGICAL CEN / LIB, TUCSON, AZ
WESTINGHOUSE ELECTRIC CORP / LIB, PITTSBURG, PA
WISWELL, INC. / SOUTHPORT, CT
WOODWARD-CLYDE CONSULTANTS / R. CROSS, OAKLAND, CA



DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising Its primary distribution lists.

SUBJECT CATEGORIES

I SHORE FACILITIES 3D Alternate energy source (geothermal power, pho,,)voltaic
1A Construction methods and materials (including corrosion power systems, solar systems, wind systems, e'lergy

control, coatings) storage systems)
1 B Waterfront structures (maintenance/deterioration control) 3E Site data and systems integration (energy resource data,
1C Utilities (including power conditioning) integrating energy systems)
1 D Explosives safety 3F EMCS design
1 E Aviation Engineering Test Facilities 4 ENVIRONMENTAL PROTECTION
1 F Fire prevention and control 4A Solid waste management
1G Antenna technology 4B Hazardous/toxic materials management
1 H Structural analysis and design (including numerical and 4C Waterwaste management and sanitary engineering

computer techniques) 4D Oil pollution removal and recovery
1J Protective construction (including hardened shelters, shock 4E Air pollution

and vibration studies) 4F Noise abatement
1K Soil/rock mechanics 5 OCEAN ENGINEERING
1 L Airfields and pavements 5A Seafloor soils and foundations
1 M Physical security 5B Seafloor construction systems and operations (including
2 ADVANCED BASE AND AMPHIBIOUS FACILITIES diver and manipulator tools)
2A Base facilities (including shelters, power generation, water 5C Undersea structures and materials

supplies) 5D Anchors and moorings
2B Expedient roads/airfields/bridges 5E Undersea power systems, electromechanical cables, and
2C Over-the-beach operations (including breakwaters, wave connectors

forces) 5F Pressure vessel facilities
2D POL storage, transfer, and distribution 5G Physical environment (including site surveying)
2E Polar engineering 5H Ocean-based concrete structures
3 ENERGY/POWER GENERATION 5J Hyperbaric chambers
3A Thermal conservation (thermal engineering of buildings, 5K Undersea cable dynamics

HVAC systems, energy loss measurement, power ARMY FEAP
generation) BDG Shore Facilities

3B Controls and electrical conservation (electrical systems, NRG Energy
energy monitoring and control systems) ENV Environmental/Natural Responses

3C Fuel flexibility (liquid fuels, coal utilization, energy from solid MGT Management
waste) PRR Pavements/Railroads

TYPES OF DOCUMENTS

D - Techdata Sheets; R - Technical Reports and Technical Notes; G - NCEL Guides and Abstracts; I - Index to TDS; U - User
Guides; 0i None - remove my name

Old Address: New Address:

Telephone No.: Telephone No.:



INSTRUCTIONS

The Naval Civil Engineering Laboratory has revised its primary distribution lists. To help us verify
our records and update our data base, please do the following:

* Add - circle number on list

* Remove my name from all your lists - check box on list.

* Change my address - add telephone number

* Number of copies should be entered after the title of the subject categories
you select.

* Are we sending you the correct type of document? If not, circle the type(s) of
document(s) you want to receive listed on the back of this card.

Fold on line, staple, and drop in mail.

DEPARTMENT OF THE NAVY

Naval Civil Engineering Laooratory
Port Hueneme, CA 93043-5003

NO POSTAGE

Official Business NECESSARY
Penalty for Private Use, $300 IF MAILED

BUSINESS REPLY CARD L~rDSAE

FIRST CLASS PERMIT NO. 12503 WASH D.C.

POSTAGE WILL BE PAID BY ADDRESSEE

CODE L34 (J LEDERER)
COMMANDING OFFICER
NAVAL CIVIL ENGINEERING LABORATCi-".Y
PORT HUENEME CA 93043-5003



NCEL DOCUMENT EVALUATION

You are number one with us; how do we rate wt you?

We at NCEL want to provide you our customer the best possible reports but we need your help. Therefore, I ask you
to please take the time from your busy schedule to fill out this questionnaire. Your response will assist us in providing
the best reports possible for our users. I wish to thank you in advance for your assistance. I assure you that the
information you provide will help us to be more responsive to your future needs.

R. N. STORER, Ph.D, P.E.
Technical Director

DOCUMENT NO. TITLE OF DOCUMENT:

Date: Respondent Organization :

Name: Activity Code:

Phone: Grade/Rank:

Category (please check):

Sponsor - User _ Proponent __ Other (Specify)

Please answer on your behalf only; not on your organization's. Please check (use an X) only the block that most closely
describes your attitude or feeling toward that statement:

SA Strongly Agree A Agree 0 Neutral D Disagree SD Strongly Disagree

SA A N D SD SA A N D SD

1, The !echnical quality of the report ( ) ( ) ( ) ( ) ( ) 6. The conclusions and recommenda- ( ) ( ) ) (
is comparable to most of my other tions are clear and directly sup-
sources of technical information, ported by the contents of the

report.
2. The report will make significant ( ) ( ) ( ) (

improvements in the cost and or 7. The graphics, tables, and photo- ( ) ( ) ( ) (
performance of my operation. graphs are well done.

3. The report acknowledges related ( ) ( ) ( ) ( ) ( )
%%ork accomplished by others. Do you wish to continue getting

4. The report is well formafted. (NCEL reports? YES NO

Please add any comments (e.g., in what ways can we
5. The report is clearly written. ( ) I) () () improve the quality of our reports?) on the back of this

form.



Comments:

Please fold on line and staple

DEPARTMENT OF THE NAVY
Naval Ci Enginrng Laboratory
Port Hueneme. CA 93043-5003

Official Business
Penalty for Private Use $300

Code L03B
NAVAL CIVIL ENGINEERING LABORATORY

PORT HUENEME, CA 93043-5003


